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A lim e s to n e  te r r a n e  i s  a d i s t i n c t i v e  landscape w ith  a p a r t i c u ­

l a r  s e t  o f  c o n tin g e n c ie s  to  which man must a d a p t. The most im p o rtan t 

a d a p ta t io n  i s  in  m an's u se  o f  th e  lan d . Lim estone o u tcro p s cover 

s e v e ra l  m ill io n  sq u are  m ile s  o f  th e  e a r t h 's  s u r f a c e ,  and they can  vary  

e x t r a o r d in a r i ly  from p la c e  to  p la c e . Rock s o l u b i l i t y  i s  the dom inant 

f a c to r  in  th e  form ation  o f  k a r s t  la n d sc a p e s .

K a rs t  i s  found e x te n s iv e ly  in  North A m erica, and most o f  F lo r id a  

i s  u n d e r la in  by lim e s to n e  sed im en ts d e p o s ite d  d u rin g  th e  Cenozoic 

E ra . E igh t c o u n tie s  o f  w est c e n t r a l  F lo r id a  have lim e sto n e  ou tcro p s 

o f  Eocene age , which c o n s t i t u te  one o f  th e  la r g e s t  con tiguous exposures 

known anyw here. These lan d s  were s e le c te d  fo r  study; in  a trea tm e n t 

which i s  o r ig in a l  fo r th e  a re a  and fo r  i t s  scope , d e p th , and broad use 

o f  to d a y 's  g eo g ra p h ic a l m ethods, to  e v a lu a te  th e  in f lu e n c e  o f k a r s t  on 

th e  use o f  th e  lan d .

S inkho les  and sp o ra d ic  su b sid en ce  o f land  i s  commonplace th ro u g h ­

o u t. O ther k a r s t  f e a tu re s  in c lu d e  sp rin g s  o f  v a ry in g  s iz e  and w a te r-  

f i l l e d  d e p re s s io n s . Land use  has always shown some s h i f t i n g ,  although

x
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th e  s h i f t s  tend to  rem ain  w ith in  th e  b o u n d arie s  o f  th e  o r ig in a l  

n a tu r a l  v e g e ta t io n , so th a t  th e  o v e r a l l  p e rcen ta g es  o f  land in  c ro p s , 

p a s tu re s ,  and f o r e s t s  rem ain f a i r l y  s t a b l e .  Y ie ld s  on th e  lim esto n e  

p l a in s ,  where s o i l s  a re  t h in n e s t ,  a re  s u b s t a n t i a l l y  lower th an  e l s e ­

where in  the G u lf C o a s ta l P la in  P ro v in ce .

S inkho le  coun ts were made to  e s t a b l i s h  d e n s ity  r a t i o s ,  w ith  

coun ts up to  24 la rg e  s in k h o le s  p e r square  m ile  on th e  B e ll-T re n to n - 

C h ie flan d  P la in .  These and o th e r  su b sid en ce  f e a tu re s  form a hazard  

which the in h a b i ta n ts  p e rc e iv e  a t  only a low l e v e l .  The haz ard s  

accum ulate how ever, and when t h e i r  e f f e c t s  a re  summed up, they  cause 

the  d ea th  o f  l iv e s to c k ,  im p e r il  humans, and add to  farm ing  and p roduc­

tio n  c o s t s .  S in k h o les  degrade highways and a re  an  added expense in  

road m ain tenance . K a rs t fe a tu re s  a lso  add to  b u i ld in g  c o s t s ,  r e q u i r ­

ing  s p e c ia l  e x p lo ra t io n . The a c c e s s i b i l i t y  o f s u r f a c e  p o l lu ta n ts  to  

deep a q u ife rs  th rough s o lu tio n  d u c ts  i s  a t h r e a t  to  rem ote farm s, as 

w e ll as to  m ajor c e n te rs  such as G a in e s v il le  and th e  U n iv e rs ity  o f  

F lo r id a .

P o p u la tio n  le v e ls  have tended  to  be s t a t i c  in  th e  s tu d y  a r e a ,  

owing in  la rg e  p a r t  to  th e  l im ite d  s u b s is te n c e  farm ing  which i s  th e  

base  o f  th e  r e g io n 's  economy. K a rs t as a re s o u rc e  has prov ided  sup­

p lem en ta l wage employment from tim e to  tim e , i n  th e  form o f  rock  and 

m in e ra l e x t r a c t iv e  o p e r a t io n s .  S p rings assume some economic im por­

tan c e  as r e s o r t  s i t e s ,  w h ile  s t i l l  o th e rs  have see n  i n t e n s i f i e d  use 

as s ta te - sp o n s o r e d  r e c r e a t io n a l  p a rk s . A new f a c to r  i s  the  d ev e lo p ­

ment o f  r e s id e n t ia l  com m unities fo r  s a le  to  o u t - o f - s ta t e  p e rso n s , 

u s in g  the p re sen ce  o f  lak e s  as a c h ie f  s a le s  a t t r a c t i o n .  Such land

x i
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use  i s  new to  th e  a r e a ,  and can have a m ajor im pact on th e  demography 

and economics o f th e  re g io n .

In  overv iew , th e  c h i e f  in f lu e n c e  of k a r s t  i s  seen  to  be a l i m i t ­

ing  one. The a re a s  were s e t t l e d  s p a r s e ly ,  as se c o n d -ch o ic es  a f t e r  more 

d e s i r a b le  lands were tak e n  up , rem ained as sm all economic u n i ts  and 

l im ite d  th e  p ro d u c tio n  and grow th o f  th e  re g io n . L im ited  crop  y ie ld s  

p e r s i s t  to  th e  p r e s e n t ,  and farm ing i s  e i t h e r  m arg in a l o r  d e c l in in g . 

There i s  much n a tu r a l  b eau ty  in  th e  r e g io n , how ever, and new communi­

t i e s  u s in g  k a r s t  fe a tu re s  may co m p lete ly  s h i f t  th e  b a s is  o f lan d  use  

in  th e  fu tu re .

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .



CHAPTER I

INTRODUCTION 

The Study and I t s  O b je c tiv e s

P h y s ic a l  o r  n a t u r a l  f a c to r s  o f th e  environm ent in c lu d e  c l im a te ,  topo­

graphy , s o i l s  and w a te r  c y c le s .  These f a c to r s  a re  i n t e r r e l a t e d  in  t h e i r  

e f f e c t  on man and in  h i s  re sp o n se  to  th e  en v iro n m en t. One o f th e  more 

s ig n i f i c a n t  i s  to p o g rap h y , to  be d is c u s s e d  h e re  as i t  a f f e c t s  m an 's u se  

of th e  lan d  f o r  h i s  home and w ork. The p h y s ic a l  m ilie u  s e t s  l im i t s  on 

human a c t iv i t y  and p ro v id e s  th e  framework w ith in  which man m ust make h is  

way. He, in  tu r n ,  m o d if ie s  o r  d i s r u p ts  th e  n a tu r a l  o p e ra tio n  of th e  phys­

i c a l  f a c t o r s .  A l im e s to n e  t e r r a n e  i s  a  d i s t i n c t i v e  lan d sca p e  o f f e r in g  a 

p a r t i c u l a r  s e t  o f  c o n t in g e n c ie s  to  which man m ust a d a p t, h i s  re sponse  

b e in g  most m easu rab le  in  th e  o b s e rv a tio n  o f h i s  u se  o f th e  la n d .

The m ajor o b je c t iv e  o f  t h i s  s tu d y  i s  to  c o l l e c t  and o rg a n iz e  s e l ­

e c te d  in fo rm a tio n  and d a ta  co n c ern in g  th e  k a r s t  co u n try  o f w est c e n t r a l  

F lo r id a  f o r  th e  p u rp o se  o f  g a in in g  an u n d e rs ta n d in g  of th e  e f f e c t  of s o l ­

u t io n  landform s on la n d  u se  in  th e  re g io n . T his re g io n  i s  a  lim e s to n e  

te r r a n e ,  c h ie f ly  th e  Eocene o u tc ro p  on th e  a x is  o f th e  O cala U p l i f t .  The 

c o u n tie s  r e f e r r e d  to  in  t h i s  s tu d y  l i e  w h o lly  o r  l a rg e ly  w ith in  th e  most 

e x te n s iv e  co n tig u o u s  ex p o su re  o f th e  O cala Group in  F lo r id a .

Secondary o b je c t iv e s  a re  as fo llo w s : to  examine th e  geomorphology

of th e  re g io n  in  o rd e r  to  c o n t r ib u te  to  e x i s t i n g  works co ncern ing  th e  

k a r s t  f e a tu r e s  p r e s e n t ;  to  a ssa y  th e  p e c u l ia r  im pact o f k a r s t  lan d sca p e  

upon p a t te r n s  o f  a g r ic u l tu r e ;  to  an a ly ze  econom ic c irc u m sta n ces  as  i n -  
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f lu e n c e d  by lim esto n e  topography; and to  r e l a t e  th e  s tu d y  to  c e r t a in  r e ­

c e n t in v e s t ig a t io n s  concern ing  en v iro n m e n ta l h a z a rd s .

Overview o f th e  Study Area

An in tro d u c t io n  to  th e  e ig h t-c o u n ty  re g io n  shows D ix ie , Levy, and 

C it r u s  c o u n tie s  as c o a s ta l  lan d s  a lm ost w ho lly  r e p r e s e n ta t iv e  o f th e  

Eocene o u tc ro p . L a fa y e tte ,  G i l c h r i s t ,  A lachua, M arion, and Sumter 

c o u n tie s  a re  more or le s s  r e p r e s e n ta t iv e .  O u t l ie r s  of Miocene d e p o s its  

rem ain to  a s ig n i f i c a n t  e x te n t  as th e  s t r i p  o f A lachua Clay o r  Hawthorne 

d e p o s i ts  running  th rough th e  a r e a .

As much as p o s s ib le ,  any d is c u s s io n s  o r d e s c r ip t io n s  in c lu d ed  in  

th e  s tu d y  w i l l  be r e l a t i v e  to  k a r s t .  D i f f ic u l ty  a r i s e s  w ith  a p p r a i s a l  

of c e r t a in  economic f a c to r s  such  as  f o r e s t  p ro d u c ts  o r  i n d u s t r i a l  o u t­

p u t ,  b u t  em phasis w i l l  be on th e  more d i r e c t  in f lu e n c e s  such as lim e­

s to n e  e v a lu a te d  as a  re s o u rc e .

T his in tro d u c t io n  to  the  s tu d y  a r e a  w i l l  b r i e f l y  d e s c r ib e  lo c a t io n ,  

p o p u la tio n , c l im a te , s o i l s  and v e g e ta t io n ,  w ith  th e  view th a t  an u n d e rs ta n d ­

in g  of th e  re g io n a l geography i s  b a s ic  to  u n d e rs ta n d in g  th e  r e la t io n s h ip s  

betw een lan d  use  and k a r s t .  A c lo s e  exam ina tion  of th e  geomorphology of 

th e  a r e a  i s  in c lu d ed  as  a m ajor component o f t h i s  w ork.

Location

The s tu d y  a re a  com prises o v er s ix  thousand  sq u are  m ile s  in  c e n t r a l  

p e n in s u la r  F lo r id a ,  app ro x im a te ly  betw een 29° and 30° n o rth  l a t i t u d e  

(se e  Map 1 ) .  The re g io n  b o rd e rs  on th e  low -energy  G ulf C oast o f th e  

up p er p e n in s u la .  The c o u n tie s  l i e  in  th e  p h y s io g ra p h ic  p ro v in ce  of th e  

C o a s ta l P la in ,  as d e f in e d  by Fenneman,"*" b u t ex ten d  in to  th e  h ig h e r  a r e a s  

o f "u p lan d "  F o rid a  known as  th e  C e n tra l  F lo r id a  R idge (se e  Map 2 ) .  The
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E ocene-age o u tc ro p  i s  rimmed on th e  e a s t  by Miocene d e p o s its  and on th e  

n o r th  and so u th  by Suwannee l im e s to n e  of O ligocene age .

The stu d y  a re a  in c lu d e s  th e  S te in h a tc h e e  R iv e r, some of th e  Suwannee 

R iv e r , and p a r ts  o f th e  S an ta  Fe R iv e r , th e  Oklawaha R iv e r , and th e  W ith- 

laco o ch ee  R iv e r. The W accasassa R iver i s  e n t i r e ly  w ith in  th e  s tu d y  a r e a .

The re s e a rc h  i s  focused  on the  " h e a r t la n d "  o f t h i s  p h y s ic a l  r e g io n , th e  

lim e s to n e  p la in s  s t r e t c h in g  n o r th - to - s o u th  th rough G i l c h r i s t ,  Levy, A lachua, 

and M arion c o u n t ie s .  C h ie fly  a g r ic u l tu r a l  a r e a s ,  th e se  p la in s  o f f e r  i n d i ­

v id u a l  exam ples f o r  a  c lo s e r  view . In  a d d i t io n  to  th e  s e le c te d  case  s tu d ie s ,  

use was made of th e  C onserva tion  Needs In v e n to r ie s  made in  1958 and 1966 

by th e  U n ited  S ta te s  S o il  C o n serv a tio n  S e rv ic e . The focus was ag a in  on 

th e  lim e s to n e  p la in s  as th e  c e n t r a l  and m ost i n f l u e n t i a l  s u b -re g io n .

P o p u la tio n

The a re a  h as  n ev e r su p p o rted  a l a rg e  p o p u la tio n  and has grown only  

v ery  s lo w ly  s in c e  th e  f i r s t  American s e t t l e m e n t .  The e a r l i e s t  i n h a b i ta n ts  

were In d ia n s  of th e  A rch aic  Phase who s u b s is te d  by h u n tin g , f i s h in g ,  and 
2

fo ra g in g . T races of t h i s  e a r ly  and in t e r m i t te n t  lan d  use a re  found along 

th e  c o a s t  and on th e  banks of s tream s and s p r in g s .  Mounds of s h e l l s  rem ain 

to d ay , and th e re  i s  ev id e n ce  of form er c o a s ta l  o cc u p atio n  by In d ia n s  in  the  

"drowned" shallow s o f th e  G ulf sh o re . The A palachee and Timucua o f N orth  

F lo r id a  reached  a  n e a r - c i v i l i z a t i o n  grouped in  perm anent towns w ith  p a l i ­

saded  w a lls  and la r g e  h o u ses . They grew co m  in  e x te n s iv e  f i e l d s  su rro u n d - 
3

in g  th e  v i l l a g e s .

The e a r l i e s t  w h ite  men in  th e  a re a  were th o se  o f  th e  p a r ty  of Pan- 

f i l o  N arvaez, a Spanish  e x p lo re r  jo u rn e y in g  no rthw ard  from Tampa Bay to
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th e  v i c i n i t y  of T a l la h a s s e e .  N arvaez , as d id  de Soto l a t e r ,  l i k e l y  t r a ­

v e r s e d  a n c ie n t  In d ia n  t r a i l s .  Some o f th e se  same t r a i l s ,  a long  fa v o ra b le  

to p o g rap h y , l a t e r  became th e  e a r ly  roads th rough  th e  re g io n . Spanish 

m iss io n s  were em placed as f a r  w est as p re s e n t-d a y  A lachua County by 1606,
A

b u t  i t  i s  th o u g h t t h a t  th ey  su rv iv e d  on ly  abou t a hundred  y e a r s .  T here 

a r e  p r a c t i c a l l y  no rem ains of th e se  s e t t le m e n ts  to d a y , b u t ev id e n ce  i n d i ­

c a te s  th a t  th e  e a r ly  In d ia n s  and th e  Spanish  c o lo n is ts  as w e ll  s u b s is te d  

on d i e t s  o f co rn , pum pkins, b e a n s , game, and f i s h .^

W ith th e  decay o f th e  m iss io n s  and th e  m ounting t ro u b le  w ith  th e  

E n g lis h , th e  s p a r s e ly  s c a t t e r e d  Span ish  o ccupan ts  v an ish ed  a lm ost w ith o u t 

t r a c e .  A c tiv i ty  by w h ite  men was a t  th a t  tim e lo c a te d  c h ie f ly  a long  th e  

c o a s t .  Though back  in  S pan ish  hands y e t  a n o th e r  tim e , w est c e n t r a l  pen ­

i n s u la r  F lo r id a  was l i t t l e  in f lu e n c e d  by S pan ish  c u l tu r e .  Even w ith  

in c re a s in g  economic and m i l i t a r y  movement in  F lo r id a ,  th e  lim e s to n e  p la in s  

o f  th e  c e n t r a l  a r e a  rem ained a lm o st u n a f fe c te d ,  p ro b a b ly  b ec au se  o f th e  

la c k  o f su r fa c e  s trea m s f o r  in la n d  n a v ig a tio n .  With th e  g ra d u a l s e t t l e ­

m ent by fa rm e rs , th e  a re a  became p a r t  o f  th e  M iddle F lo r id a  a g r ic u l tu r e  

b e l t . ^  The L a fa y e tte  lan d  g r a n t ,  a g i f t  to  th e  M arquis in  1824, d id  much 

to  a d v e r t i s e  th e  re g io n  to  s e t t l e r s ,  though L a f a y e tte  h im se lf  n e v e r  saw 

t h i s  la n d .

T ra n s p o r ta t io n  i n to  th e  i n t e r i o r  was a id e d  as  roads w ere b u i l t  to  

co n n ect f o r t s  d u rin g  th e  Sem inole W ars. Congress a u th o r iz e d  a  road  from 

P e n sa c o la  to  S t .  A ugustine  which l a t e r  became known as  th e  Bellam y Road. 

P o r t io n s  o f  t h i s  roadway rem ain to d ay , w ith  one such m arking th e  use of 

th e  " n a tu r a l  b r id g e "  ro u te  o v er th e  S an ta  Fe R iv e r . The town now named 

Lake C ity  was once c a l le d  A l l i g a to r ,  le a d in g  to  th e  term  A l l ig a to r  Road 

f o r  p a r t  o f th e  r o u t e .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .



C otton  was grown th roughou t th e  re g io n  b u t s u b s is te n c e  farm ing was 

th e  m ost p re v a le n t  lan d  u se . The s o i l  was q u ic k ly  d e p le te d , re q u ir in g  

more and more c le a r in g  of "new" la n d . The coming o f th e  r a i l r o a d s  le d  

to  e x p lo i t a t i o n  o f th e  f o r e s t s  fo r  lum ber and tu r p e n t in e .  The re g io n  r e ­

m ained in  g e n e ra l  fa rm ing  w ith  l i t t l e  u rb a n iz a tio n  th rough th e  p e r io d  

o f th e  War Between the  S ta te s  and even in to  th e  tw e n tie th  c e n tu ry . Urban 

p la c e s  a re  few even today  w ith  G a in e s v il le  and O cala ( n e i th e r  a c tu a l ly  

w ho lly  in  th e  s tu d y  a re a )  b e ing  th e  l a r g e s t  (s e e  map 3 ) .  P o p u la tio n  

s t a t i s t i c s  i l l u s t r a t e  th e  economic s i tu a t io n  in  th e s e  c o u n tie s  (se e  T able 

1 ) ,  n o t  e s p e c ia l ly  p ro sp e ro u s when co n s id e red  in  r e la t io n  to  the  r e s t  of 

F lo r id a .

C lim a te , S o ils  and V eg e ta tio n

In  th e  s tu d y  a re a  th e  average Jan u a ry  tem p era tu re  i s  c lo se  to  58° F. 

and th e  average  Ju ly  tem p era tu re  i s  80° F. There i s  f r o s t  in  w in te r ,  so 

t h a t  t r o p i c a l  c o n d it io n s  do n o t e x i s t ;  b u t  co ld  s p e l l s  r a r e ly  l a s t  more 

th an  th r e e  d ay s . Except in  c o ld e s t  p e r io d s ,  th e  tem p era tu re  i s  above f r e e z in g  

in  th e  day tim e. Maximum r a i n f a l l  o ccu rs  u s u a l ly  in  June and J u ly ,  and th e  

minimum i s  in  O c to b er, November, and December; th e  average  annua l r a i n f a l l  

amounts to  ap p ro x im a te ly  50 to  55 in c h e s . R e la tiv e  h u m id ity  i s  h ig h  and 

heavy m orning fo g s o cc u r o c c a s io n a l ly .  There i s  a grow ing season  of 

ap p ro x im a te ly  290 to  310 days p e r  y e a r .

The s o i l  map o f F lo r id a  i n d ic a te s  34 s o i l  a s s o c ia t io n s  and th re e  

m isc e lla n e o u s  la n d  ty p es  in  th e  s t a t e  as a  w hole. The a s s o c ia t io n s  a re  

composed o f  s o i l s  w ith  s im i la r  o r ig in s  and c h a r a c t e r i s t i c s .  Many such 

a s s o c ia t io n s  a re  found in  th e  stu d y  a r e a ,  b u t  on ly  th e  p r in c ip a l  group ings
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a re  shown on th e  s o i l  map (se e  Map 4 ) .  The s o i l s  in d ic a te d  a re  p re ­

dom inantly  sandy and deve loped  on m a te r ia ls  l i t t l e  a l t e r e d  by c lim a te  

and v e g e ta t io n . V a r ia t io n s  appear to  r e f l e c t  p a r e n t  m a te r ia l ,  because 

c l im a t ic  d i f f e re n c e s  a re  n o t  pronounced enough to  cause  c o n t r a s t s  w ith in  

th e  sm a ll re g io n . The p a r e n t  m a te r ia l  i s  p r in c ip a l ly  l im e s to n e  and sand 

w ith  some c la y  and a l l u v i a l  d e p o s its  p re s e n t  a l s o .

S ince th e  s tu d y  a r e a  encompasses p a r ts  of th e  C e n tra l  F lo r id a  Ridge 

and th e  C o as ta l P la in  P ro v in c e , th e  s o i l s  have somewhat g r e a te r  d i f f e r ­

ences th an  m ight be e x p e c ted  in  a sm all a r e a .  However, th e  u n d e r ly in g  

lim e s to n e  w ith  i t s  h ig h  p o ro s i ty  p re d isp o se s  an o v e r a l l  e x c e s s iv e ly  

d ra in e d  a sp e c t  ex c ep t in  a re a s  w ith  c la y  o r s i l t .  The group ings in  th e  

a re a  range from s o l id  dom inantly  th ic k  to  m o dera te ly  th ic k  a c id  sands 

(form ed on P le is to c e n e  sa n d s , dunes and te r r a n c e s )  to  s o i l s  dom inantly  

th ic k  to  th in  sands in f lu e n c e d  by a lk a l in e  m a t e r ia l s . ^

The s u rfa c e  of th e  re g io n  i s  n e a r ly  f l a t  to  g e n t ly  s lo p in g  and 

th e  n a t iv e  v e g e ta t io n  v a r ie s  w ith  s o i l  ty p es  and d ra in a g e . High hammock 

lan d  o cc u rs  in  th e  e a s te rn  p a r ts  c h a ra c te r iz e d  by a m ix tu re  o f hardw oods, 

p in e s ,  sh ru b s , and g r a s s e s .^  Some low hammock la n d  w ith  h e a v ie r  p la n t  

grow th i s  found n e a r  la k e s  in  th e  so u th e rn  p a r t  o f th e  re g io n , b u t dom­

in a n t  v e g e ta t io n  th ro u g h o u t th e  e n t i r e  a re a  i s  p in e  woods. S tands of 

tu rk ey  oak and lo n g le a f  p in e  a re  t y p ic a l  of th e  sand h i l l s .

There a re  few rem ains of n a t iv e  v e g e ta tio n  o r  v i r g in  f o r e s t s .  

P r a c t i c a l l y  a l l  o f th e  a re a  h as  been farm ed o r logged  o f f .  In  th e  lim e­

sto n e  p la in s  of th e  B e ll-T re n to n -C h ie fla n d  and High S prings-N ew berry - 

A rch e r-W illis to n -R e d d ic k  a r e a s ,  th e  p re se n c e  of clumps o f t r e e s ,  e sp e c­

i a l l y  l i v e  oaks, u s u a l ly  in d ic a te s  s in k h o le s  or o u tc ro p s  o f lim e s to n e .
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T ab le  1 P o p u la t io n  S t a t i s t i c s  in  E ig h t-C o u n ty  S tudy  A rea

T o ta l  P o p u la t io n U rban R u ra l-1970

County 1900 1940 1970 1970
T o ta l
R u ra l

P la c e s  o f 
1000 to  2500

O th er
R u ra l

A lachua 32,245 38,607 104 ,764 72,116 3 2 ,6 4 8 4,625 2 6 ,023

C it r u s 5 ,3 9 1 5 ,846 19,196 - 19 ,196 3,995 15,201

D ix ie NA 7,0 1 8 5 ,4 8 0 - 5 ,4 8 0 2 ,2 6 8 3 ,212

G i l c h r i s t NA 4,250 3 ,5 5 1 - 3 ,5 5 1 1,074 2 ,4 7 7

L a f a y e tte 4 ,987 4,405 2 ,8 9 2 - 2 ,892 2 ,892

Levy 8 ,603 12,550 12,756 - 12 ,756 3,904 8,852

M arion 2 4 ,4 0 3 3 1 ,243 6 9 ,030 2 7 ,872 4 1 ,1 5 8 1,146 40,012

Sum ter 6 ,1 8 7 1 1 ,041 14,839 — 14,839 2 ,082 12,757

S o u rce : F lo r id a  Handbook (1970)
S o u rce : A b s tra c t  o f  th e  T w e lf th  C ensus, 1900 W ash ing ton , G overnment P r i n t i n g  O f f ic e ,  1904 
S o u rce : The W orld Almanac and Book o f  F a c t s , 1950 NY W orld T elegram



S o ils  in  g e n e ra l  show th e  e f f e c t s  o f  e ro s io n . In  c e r t a in  lo c a l

a r e a s ,  wind i s  a c h ie f  ag e n t i n  th e  removal o f the t o p s o i l .  The la n d ­

scape  i s  o f te n  b e a u t i f u l ,  w ith  a " r o l l in g "  a sp e c t such as t h a t  found in  

the  B luegrass  re g io n  o f  K entucky. Green p a s tu re s  w ith  sm all and la rg e  

clumps o f  tr e e s  and v e g e ta t io n  a re  ty p ic a l  (see  F ig u re  1 ) . The l a s t  

f o r e s t s  o f p in es  were c u t  c h ie f ly  in  th e  1920 's and 1930' s ,  During 

the 1 930 's  wind e ro s io n  became such a s e v e re  problem on land s t r ip p e d  

o f  v e g e ta t io n  th a t  the a re a  was sometimes compared to  the d u s t  bowl o f 

th e  w e s t. The problem  was g r e a t ly  reduced  by th e  in t ro d u c t io n  o f 

P en sac o la  B ahia g ra s s  as cover fo r  the s o i l . *

The w ell-know n World War I I  w r i t e r ,  E rn ie  P y le , t r a v e l l i n g  through 

th i s  re g io n  in  1935 on Highway 41 , no ted  th e  wind e ro s io n  and th e  m ar-
9

g in a l  c h a r a c te r  o f th e  s u b s is te n c e  hom esteads. P y le 's  o b se rv a tio n s  

a re  quoted  v e rb atim  in  d e fe re n c e  to  h i s  un ique powers o f d e s c r ip t io n .

We d rove up through n o r th - c e n t r a l  F lo r id a  toward 
G eo rg ia . That p a r t  o f F lo r id a  i s  no more l i k e  th e  
w in t e r - r e s o r t  ads th an  an e l e c t r i c  ra z o r  i s  l i k e  th e  
B rooklyn B rid g e . I t  i s  p la in  o ld  deep South , excep t 
t h a t  i t  i s n ' t  so g o o d -lo o k in g ; i t  lac k s  the lu x u r ia n t  
v e g e ta t io n , th e  g re en n ess  and f r e s h n e s s .  I t  i s  a land  
o f  gray sandy s o i l ,  brown sc ru b  p in e s , l i t t l e  farm s, 
and many sh ac k s . I t  i s  c o u n try  th a t  makes you m el­
ancholy  .

The wind was blow ing a s te a d y , i n s i s t e n t  g a le .
I t  was h o t w ith  an uncanny, fo reb o d in g  h e a t .  You 
had a f e e l in g  th a t  th i s  wind would s lo w ly , r e l e n t ­
l e s s ly  blow away n o r th  F lo r id a .  Queer clouds were 
in  th e  sk y . And th en  we began to  run  through d u s t 
s to rm s . From every  open f i e l d  th e  d u s t  stream ed 
a c ro ss  th e  road ; from b ig  f i e ld s  i t  ro s e  h igh  in to  
g ray  c lo u d s . We had to  keep runn ing  up th e  windows, 
and we were soon d u s ty  a l l  o v er and g r i t  was i n  our 
t e e th .  A lthough we n ever had to  tu rn  on our l i g h ts ,  
as we d id  in  w est K ansas, we s a id  to  o u rs e lv e s ,
"T his i s  an in c ip i e n t  d u s t  bow l. I t  has every e a r ­
mark o f th e  d e s o la te d  a re a s  in  Kansas and Oklahoma.

* S ta te  O ffic e  A g r ic u ltu r a l  S t a b i l i z a t i o n  C o n serv a tio n  S e rv ic e .

w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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The s o i l  i s  l i g h t ,  and l i f t s  more e a s i l y  th an  th e  
w e s te rn  loam. The tim b e r i s  sc rubby , and th e y 'r e  
c le a r in g  to o  many f i e l d s .  I f  th e  government d o e s n 't  
s t a r t  do ing  som eth ing , t h e y ' l l  be making moving 
p i c tu r e s  o f th e  g re a t  F lo r id a  d u s t bowl in  a  few 
y e a r s ."

We s topped  in  a town fo r  lu n c h . I  asked the  
woman a t  th e  c o u n te r  i f  i t  blew l i k e  t h i s  every  
s p r in g . She s a id ,  "Oh, n o , t h i s  i s  th e  f i r s t  wind 
w e 've  h a d ."  I  went up to  two men on a s t r e e t  c o r­
n e r .  They were f a r m e rs - ty p ic a l  o v e r a l le d  c ra c k e r  
fa rm e rs . I  t a lk e d  to  them abou t th e  p o s s i b i l i t y  
of t h i s  s e c t i o n 's  blow ing  away.

"No, n o ,"  th e y  s a id ,  " th i s  d o n 't  amount to  
n o t h i n ' .  Next month w i l l  be w orse than  t h i s ,  b u t 
t h i s  c o u n try  a i n ' t  b lo w in ' away. We g e t  l o t s  o f 
r a in  h e r e ,  b e t t e r  than  f i f t y  in ch e s  a y e a r .  And 
t h e r e 's  l o t s  o f  s p r in g s  h e re a b o u ts . No, t h e r e 's  
no danger of a d u s t  bowl h e r e ."

T his was c o m , to b ac co , and p ean u t co u n try .
I  t a lk e d  w ith  th e  fa rm ers  a long  tim e . I  c o u ld n 't  
g e t th e  d u st-b o w l id e a  o u t of my h e a d -fo r  I  had 
seen  th e  r e a l  d u s t  bow l, and they  h a d n 't .  I  p u t  
one l a s t  q u e s tio n : "Have you e v e r  had any bad
d ro u g h ts  around h e re?"

"No, s i r , "  one o f them s a id ,  "w e've n ev e r had 
a s in g le  one, ex c ep t once . T hat was p r e t t y  b ad .
The w a te r  g o t up o v er th e  highw ay, and they  had 
to  r e b u ild  th e  ro a d . I t  drowned o u t a l l  th e  
crops around h e r e .  The w a te r  was even r i g h t  up 
in  th e  s t r e e t s  h e re  in  tow n."

That seemed to  s e t t l e  th e  q u e s t io n . I  had 
in te n d e d  ask in g  i f  th e y  e v e r  had any f lo o d s ,  
b u t  a f t e r  t h a t  I  d i d n ' t  s ee  any sen se  in  i t .

Double rows o f p la n te d  p in e s  o u t l in e  many f i e l d s ,  ev id e n ce  of 

o th e r  e f f o r t s  to  slow  th e  r e l e n t l e s s  w in d s . They add to  th e  b ea u ty  o f 

th e  lan d sca p e  as th ey  bound th e  secondary  roads and fe n cero w s . G eom etric 

rows o f  huge ac re a g e s  o f  p la n te d  p in e  add green  to  th e  drab f i e l d s  b e -

Farms today  a re  d is p e rs e d  r a th e r  ev en ly  th ro u g h o u t th e  lim e s to n e  

p l a in s  and l iv e s to c k  g ra ze  in  la rg e  f i e l d s .  Com i s  a c h ie f  crop because 

i t  i s  r e q u ir e d  f o r  feed  f o r  hogs, an im p o rta n t an im al in  th e  economy.

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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K a rs t  landform s a re  w idespread  ex cep t in  th e  flatw oods a re a s  un­

d e r la in  by c l a s t i c  sed im ents in  abandoned r i v e r  v a l le y s  o r  in  graben- 

l i k e  s t r u c t u r e s .  S in k h o les  and o u tc ro p s  a re  the c h ie f  k a r s t  f e a tu re s  

and a re  numerous in  th e  p la in s  a re a  where th e re  i s  no s u rf a c e  d ra in a g e  

netw ork .

Rele v a n t S tu d ie s  o f  K a rs t Areas

The h i s to r y  o f  th i s  s tu d y  can be tra c e d  th rough the p u b lish e d  

l i t e r a t u r e  and unp u b lish e d  re se a rc h  a c c o u n ts . The m a te r ia ls  g e n e ra lly  

f a l l  in to  one o f  two c a t e g o r i e s —su b su rfa c e  geology and geomorphology. 

Only a  few s tu d ie s  have been  made which a ttem p t to  c o r r e l a te  th e  p h y s ic a l 

m ilie u  w ith  c u l t u r a l ,  o r  human, a s p e c ts .  Most of th e s e  r e f e r  to  c l im a te  

as a  m ajo r in f lu e n c e  on man. R are ly  does an au th o r pu rsue  h i s  stu d y  

in to  th e  in c re a s in g ly  complex r e la t io n s h ip  between p h y s ic a l  f a c to r s  o f 

s o i l ,  v e g e ta t io n , s lo p e  and d ra in a g e , and man in  h is  work on the e a r th .  

That a  r e la t io n s h ip  e x i s t s  i s  o f co u rse  o b v io u s, b u t th e re  a re  many 

unansw ered q u e s tio n s  co n cern in g  th e  d eg ree  o f  s ig n if ic a n c e .

The e a r l i e s t  reco rd ed  s c i e n t i f i c  a n a ly s is  o f  the  c h a r a c t e r i s t i c  

lim e s to n e  lan d sca p e  i s  p robab ly  th a t  o f  L a m a r c k .W e l l - k n o w n  in  o th e r  

f i e l d s ,  he made th i s  s in g le  c o n t r ib u t io n  to  geology i n  H ydrogeology, 

p u b lish e d  a t  h i s  own expense in  1802. He s t a t e s  h is  c o n c lu sio n s  con­

c e rn in g  th e  o r ig in  of lim e s to n e  ro c k s , drawn from c a r e f u l  o b se rv a tio n s  

o f  f o s s i l s  and s t r a t i g r a p h ic  r e la t io n s h ip s .  His s ta te m e n ts  about 

g eo lo g ic  tim e a re  s u r p r is in g ,  c o n s id e r in g  th e  r e l ig io u s  c l im a te  o f  h is  

day. His u n d e rs ta n d in g  o f  th e  v a r io u s  "d isp la c e m e n ts"  o f the ocean 

b a s in s  along  w ith  an aw areness o f  s u b a e r ia l  e ro s io n  p ro c esses  o f f e r  

a b eg in n in g  fo r  a n a ly s is  o f  lim e sto n e  te r r a n e s .

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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A c e n tu ry  of in c re a s in g  s tu d y  o f th e  e a r t h 's  su rfa c e  f i n a l l y  p ro ­

duced a c l a s s i c  in  landfo rm  a n a ly s i s .  W illiam  M orris  D av is, w e ll  known 

as " th e  g re a t  d e f in e r , "  co ined  a w e a lth  of d e s c r ip t iv e  term s f o r  th e  

s tu d y  o f s t r u c t u r e ,  p ro c e s s ,  and s ta g e  by g e o m o rp h o lo g is ts . In  t h i s  

v e in  Jovan C v ij ic  in  1918 a d a p ted  th e  c y c le  of e ro s io n  to  a  lim e s to n e  

lan d sca p e  o f Y u g o slav ia . H is co n c ep tio n  of th e  c y c le  as a p p l ie d  to  a 

k a r s t  re g io n  i s  most im p o rta n t today  f o r  th e  s u b s ta n t iv e  v o c a b u la ry , 

im p a rtin g  an in v a lu a b le  u n i ty  to  th e  s tu d e n ts  o f s o lu tio n  geom orphology. 

F or in s ta n c e ,  t h i s  i s  th e  f i r s t  use of such n o n fa m ilia r  term s as "ponor" 

o r  " p o l je . "  Many o f th e  words a re  of S erb o -C ro at d e r iv a t io n  b u t F rench  

and German nouns a re  a ls o  em ployed.

E. M. Sanders (1921) condensed and summarized C v ij ic  on k a r s t  in  

th e  G eograph ica l Review, thus  e s t a b l i s h in g  a co re  v o ca b u la ry  d i r e c te d  

tow ard p h y s ic a l  g e o g r a p h e r s .^  Much more r e c e n t ly ,  H. Lehmann (1960) 

d e sc rib e d  a tte m p ts  a t  c o m p ila tio n  o f a  u n ifo rm  and d e s c r ip t iv e  k a r s t  

v o ca b u la ry  f o r  th e  Commission on K a rs t Phenomena on th e  o c c a s io n  o f th e  

XIX I n t e r n a t io n a l  G e ograph ica l C o n g re s s .^  The recom m endation th a t  an 

I n t e r n a t io n a l  A tla s  o f K a rs t be p re p a re d  d id  n o t come to  f r u i t i o n ,  b u t  

th e  U n ited  S ta te s  G e o lo g ic a l Survey d id  p u b l ish  a G lo ssary  o f K a rs t 

Terms (1970) by Watson M o n ro e .^  T his work i s  a s y n th e s is  of d e f in i t i o n s  

of k a r s t  words as th ey  a re  g e n e ra l ly  u se d , w ith o u t s i g n i f i c a n t  d e p a r tu re  

from  th e  v o ca b u la ry  o f tex tb o o k s  by Lobeck o r  Thom bury .

The u n d e rs ta n d in g  o f p a t t e r n s  o f w orld  k a r s t  depends h e a v i ly  on 

an agreem ent as to  th e  meaning of term s used  in  th e  l i t e r a t u r e .  With 

th e  l a t e s t  work by Monroe th e re  has evo lved  a t  l e a s t  an E n g lish  language 

k a r s t  v o c a b u la ry . The m a tte r  o f d e f in i t i o n  g a in s  im portance when a ttem p ts

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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a re  made to  enum erate k a r s t  f e a tu r e s  o r  to  t a b u la te  s in k h o le  d e n s i t i e s .  

Counts of In d ia n a  and Kentucky s in k h o le s  have been o c c a s io n a l ly  a t tem p ted . 

Some exam ples a re  "Land o f Ten Thousand S inks"  in  T ra n sa c tio n s  of Kentucky 

Academy of Science ( 1 9 2 4 ) , ^  o r "Sink H o les"  in  T his S c u lp tu re d  E arth  

(1 9 5 9 ) .15 (See T able 2 .)

As s t a t e d  b e f o re ,  p u b l ic a t io n s  a re  numerous co n c ern in g  th e  geology 

of th e  s o lu t io n  la n d sc a p e . N o tab le  among th e se  a re  C otton  (1941) on 

"L im estone L a n d sc a p e s,"1^ Sw innerton (1942) on "Hydrology o f Lim estone 

T e r ra n e s ," 1  ̂ and S t r in g f i e ld  and Le Grand (1971) on A r te s ia n  W ater in  

T e r t ia r y  Lim estone in  th e  S o u th e a s te rn  U n ited  S ta te s  (1 9 6 6 )•1® These geo­

lo g i c a l  p u b l ic a t io n s  o f f e r  much in  th e  way o f background in fo rm a tio n  fo r  a 

s tu d y  o f a lim e s to n e  t e r r a n e  b u t do n o t in c lu d e  th e  c u l t u r a l  a sp e c ts  so 

v i t a l  to  a d e te rm in a tio n  and a n a ly s is  o f u se  o f th e  la n d . A stu d y  by 

W e llin g to n  Jo n e s , "A Method o f D e term ining  th e  Degree o f C o incidence in  D is­

t r i b u t io n  o f A g r ic u ltu r a l  Uses of Land W ith S lo p e -S o il-D ra in a g e  Complexes"

(1930) compares f e a tu r e s  on to p o g rap h ic  maps w ith  d i s t r i b u t i o n  of crops and 

19o th e r  a g r ic u l tu r a l  lan d  u s e s . More r e c e n t ly  Woodford G a rrig u s  d e s c r ib e s  

r e l i e f  o f lan d  as  a d e te rm in a n t o f u se  in  "Roughness o f T e r ra in  as  a

20F a c to r  in  th e  A rea l V a r ia t io n  of A g r ic u ltu r a l  P r o d u c t iv i ty  in  Ohio" (1965). 

These p u b l ic a t io n s  do n o t r e f e r  s p e c i f i c a l l y  to  lim e s to n e  t e r r a n e s ,  b u t  

th ey  s e rv e  as background m a te r ia l  fo r  th e  type of s tudy  a ttem p ted  h e r e .

Dr. G a rrig u s  o f f e r s  an i n t e r e s t i n g  j u s t i f i c a t i o n  f o r  h i s  s tu d y , as 

fo llo w s :

 i t  may be s a id  t h a t  th e  r e s u l t s  of t h i s
in v e s t ig a t io n  sh o u ld  prove in s t r u c t i v e  in  
th e  s tu d y  o f th e  a s s o c ia t io n  betw een land  
use  and lan d  s u r f a c e  c o n d it io n s  as th a t  
a s s o c ia t io n  m ight be taken  up in  c o n n e c tio n  
w ith  p h y s ic a l  geography, econom ic geography,

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T able 2 K entucky S inkho le E num eration

T opographic S heet Number of S inkho les

Mammoth Cave 2,833

B ro w n sv ille 1 ,150

Bowling Green 2 ,563

P rin c e to n 1,429

M o n tic e llo 1,096

T o ta l 9 ,071

L a rg e s t in  a r e a  i s  on B ro w n sv ille  S h e e t, 3 ,114  
a c r e s .  A uthor e s t im a te s  t h a t  th e  mapped a re a s  
o f th e  M is s is s ip p ia n  P la te a u  in  K entucky con­
t a in s  betw een 60,000  and 70,000 s in k h o le s  o f 
v a ry in g  s iz e  and d e s c r ip t io n .

S ource: "Land of Ten Thousand S in k s"  W. R. J i l l s o n
K entucky Academy of S cience  (1 9 2 4 ).

R e p r o d u c e d  w ith  p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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agronomy, o r any number o f o th e r  s u b je c t s .
The r e s u l t s  may be o f g e n e ra l  i n t e r e s t  even 
though n o t used  fo r  any s p e c i f i c  pu rp o se .

More p r a c t i c a l  g a in s  m ight be ex p ected  to  come from a much more

in te n s iv e  s tu d y  o f lan d  use in  r e la t io n  to  lan d  form s, in c lu d in g  n o t

on ly  a d e ta i le d  exam ina tion  o f th e  a r e a l  a s s o c ia t io n  betw een th e  two,

b u t  in c lu d in g  a ls o  an a ttem p t to  d isc o v e r  so f a r  as p o s s ib le  th e  c a u s a l

r e la t io n s h ip s :  J u s t  how, p r e c i s e ly ,  does th e  form o f th e  lan d  s u rfa c e

a c t  to  in f lu e n c e  th e  v a r io u s  k in d s  o f lan d  use?

Most h e lp f u l  i s  an assem blage o f re s e a rc h  d i r e c t ly  based  on th e

lim e s to n e  la n d sc a p e . A p io n e e r  in  t h i s  r e s p e c t  i s  C arl O rtw in Sauer
21

w ith  h i s  Geography o f th e  Pennyroya l (1 927). This book i s  a s tu d y  of 

th e  in f lu e n c e  o f geology and physiog raphy  upon th e  in d u s tr y ,  commerce, 

and l i f e  o f  th e  p eo p le  o f a  K entucky a r e a .  He uses  th e  l im e s to n e  la n d ­

sca p e  as a  b a s i s  f o r  re g io n a l  u n ity  and deve lops t h i s  id e a  th rough 

d e s c r ip t io n  of h i s t o r i c a l  lan d  u s e s .

A c tu a lly  more g e o lo g ic a l  th an  g eo g ra p h ic a l in  scope i s  a r e c e n t  

22work by P la c id o  La V a lle  (1967) . H is pu rpose  was to  an a ly ze  s p a t i a l

p a t t e r n s  of k a r s t  f e a tu r e s ,  b u t h i s  em phasis was on e lo n g a tio n  and

o r i e n t a t i o n  o f s in k h o le s  r a th e r  th an  on uses  o f the la n d . A more

c l a s s i c  g e o g ra p h ic a l approach  i s  found in  "The C e n tra l K entucky K a rs t"

23
by W hite, W atson, P o h l, and B rucker (1970). This a c c u ra te  and d e s­

c r ip t i v e  work f e a tu r e s  th e  in f lu e n c e  o f c l im a te  on k a r s t  p ro c e s se s  and 

th e  r a te s  o f  den u d a tio n  o f k a r s t  p l a in s  in  K entucky.

D o u b tless  th e  most s i g n i f i c a n t  and most p e r t i n e n t  r e c e n t  r e s e a r c h  

in  a s im i la r  v e in ,  y e t  w id er scope , i s  a d i s s e r t a t i o n  by James M. 

Goodman (1962) d e s c r ib in g  y e t  ag a in  th e  P ennyroyal a r e a  and a n a ly z in g
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th e  in f lu e n c e  o f  i t s  lan d scap e on a g r i c u l tu r a l  lan d  use and p r o d u c t i v i t y /  

T h is i s  a case  s tu d y  approach d e a lin g  w ith  an a re a  of o u tc ro p p in g  l im e ­

s to n e  in  th e  Kentucky k a r s t .  Goodman h as  d e f in e d  te n  d i f f e r e n t  te r r a n e  

ty p e s  from v a r io u s  com binations o f s o i l ,  d ra in a g e , s lo p e  and l i th o lo g y .  

These ty p es  form a framework fo r  ex am in a tio n  o f la n d  use and a g r ic u l tu r a l  

p r o d u c t iv i t y .  P a t te r n s  and v a r ia t io n s  f o r  each  te r r a n e  type were 

dete rm ined  and compared w ith  crop y i e ld s  and lan d  v a lu e s .

I t  i s  e v id e n t t h a t  a s tu d y  of t h i s  type has n o t y e t  been  made o f 

F lo r id a  k a r s t .  The ran g e of p h y s io g ra p h ic  te r r a n e  ty p es  i s  n o t as l a r g e  

as t h a t  o f o th e r  k a r s t  a reas  because  o f th e  r e l a t i v e l y  low r e l i e f ,  and 

a ls o  th e  s o i l s  a re  more homogeneous as w e l l .  On th e  o th e r  h and , th e  

v a r ie ty  of e x p re s s io n  i s  s u r p r is in g  and th e  s in k h o le s  v a ry  w id ely  in  

s i z e ,  sh ap e , and d e p th .
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CHAPTER I I

PHYSIOGRAPHIC BACKGROUND FOR THE STUDY

K a rs t A reas of th e  World

C arbonate rocks c o n s t i t u te  abou t f iv e  to  te n  p e rc e n t o f w o rld ­

w ide sed im en ta ry  ro c k s ; and o u tc ro p s  o f lim e s to n e  m easure s e v e ra l  

m ill io n  sq u are  m ile s  o f th e  e a r t h 's  s u r f a c e .  ^ The d i s t i n c t i v e  lim e­

s to n e  te r r a n e  can be found on ev e ry  c o n t in e n t ,  b u t  q u i te  o f te n  i t  v a r ie s  

e x t r a o r d in a r i l y  from p la c e  to  p la c e .  Rock s o l u b i l i t y  i s  th e  p rim ary  

elem en t in  th e  fo rm a tio n  of k a r s t  la n d sc a p e s . C e r ta in ly  th e  ca rb o n a te  

rock, o r o th e r  so lu b le  m a te r ia l ,  must be p re s e n t  f o r  k a r s t i f i c a t i o n  to  

o c c u r. O ther im p o rtan t c o n s id e r a t io n s  in c lu d e  ro c k  s t r u c tu r e  and 

c l im a te .

World k a r s t  a re a s  have been  s tu d ie d  by w orkers and com parisons 

and c o n t r a s t s  re c o rd e d . Some o f th e  a re a s  most o f te n  n o te d  fo r  r e ­

se a rc h  p r o je c t s  o u ts id e  th e  U n ited  S ta te s  a re  l i s t e d  in  T able 3.

K a rs t i s  c o n s id e red  to  be th e  s u r f a c e  e x p re s s io n  o f s o lu tio n  

phenomena and i s  a d e s c r ip t iv e  geom orpho log ica l te rm . G e n e ra lly  i t  i s

" s in k h o le  topography" named a f t e r  th e  Y ugoslav ian  word " k ra s"  meaning 
2

" s to n e ."  The I t a l i a n  place-nam e "C arso ' and th e  F rench word C ausses'

a re  som etimes re g ard e d  in  th e  g e n e r ic  sen se  as  e q u iv a le n t  to  k a r s t .

The c l a s s i c  re g io n  fo r  th e  o b se rv a tio n  o f k a r s t  i s  th e  p la te a u  o f th e

w e s te rn  B a lk an s, th e  s tu d y  a r e a  fo r  Jovan C v ijic , who e s ta b l i s h e d  a

3
s u b s ta n t iv e  v o ca b u la ry  fo r  h i s  d e s c r ip t io n  o f a  k a r s t  c y c le .
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Table 3 Karst Areas of the World (outside of the United States)

M iddle America and th e  Caribbean

N o rthe rn  Y ucatan and Tabasco (Mexico)
Jam aica
W estern Cuba
The Bahamas
The West In d ie s
Bermuda

The Pennines o f Y o rk sh ire  and D erbysh ire  (England) 
The Mendyes and South Wales 
County C la re  in  W estern I r e la n d  
Spanish  A nda lusia
The Grand and P e t i t s  Causses (S ou thern  France)
The D in a r ic  Alps (Y ugoslav ia)
Greece
A r c t ic  S p itsb e rg e n

S o u th e a s t A sia and O ceania

South China 
N orth  Vietnam
The South C oast o f C e n tra l and E a s t Jav a
S outhw estern  Celebes
C e n tra l  New Guinea
W estern A u s t r a l ia
N orth  C anterbury , New Zealand
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N early  ev e ry  co u n try  h a s  i t s  own in d iv id u a l iz e d  s e t  o f  k a r s t  term s

co ined  to  f i t  i t s  p a r t i c u l a r  lan d scap e f e a tu r e s .  In  th e  p re sen ce  of

c a rb o n a te  ro c k s , a v a r ie ty  of g e o lo g ic  and h y d ro lo g ic  f e a tu re s  accoun t

f o r  th e  a lm ost i n f i n i t e  v a r ia t io n  of k a r s t  e x p re s s io n . I t  shou ld  be

remembered th a t  th e re  a re  a ls o  innum erable a re a s  where k a r s t  f e a tu re s

a re  p re s e n t  as s u r f a c e  lan d fo rm s, b u t do n o t  dom inate th e  la n d sc a p e .

These a re a s  a re  n o t in c lu d e d  in  t h i s  rev iew .

I t  has been n o te d  th a t  w orld  k a r s t  a re a s  v a ry  w ith  c lim a te  and

rock  com p o sitio n  and s t r u c t u r e .  T here may be w e ll -d r a in e d  up lands

co m p lete ly  b a re  o f s o i l ,  o r ju n g le -c o v e re d  low lands m an tled  w ith  th ic k

o rg a n ic  muck. The rocks may be f l a t - l y i n g  to  s te e p ly  d ip p in g . The

p re se n c e  o f caves may o r  may n o t  c o n s t i t u te  a k a r s t  t e r r a n e ,  fo r  i t
4

i s  th e  s u r f a c e  e x p re s s io n  th a t  i s  b e in g  d e s c r ib e d .

K a rs t A reas in  th e  U n ited  S ta te s  

K a rs t  t e r r a n e s  develop  m ost e f f i c i e n t l y  when c e r t a in  f a c to r s  in  

a d d i t io n  to  th e  p re se n se  of ca rb o n a te  rocks p r e v a i l .  The s o lu b le  

rocks sh o u ld  be d en se , h ig h ly  j o in te d ,  and p r e fe r a b ly  th in -b e d d e d .^  

P e rm e a b i li ty  in  th e  sen se  o f mass p e r m e a b il i ty  may be u n fa v o ra b le  b e ­

cause t h a t  c o n d it io n  cou ld  a llow  w a te r  to  p ass  th rough  th e  e n t i r e  ro ck  

mass r a th e r  than  to  be channeled  a lo n g  r e s t r i c t e d  pathw ays.^  T his con­

c e n t r a t io n  o f flow  i s  n e c e s sa ry  fo r  th e  k a r s t i f i c a t i o n  to  ta k e  p la c e .

C arbonate t e r r a n e s  o ccur in  each  o f th e  fo u r  m ajo r g roundw ater 

r e g io n s  o f th e  U n ited  S ta te s  a s  d e sc rib e d  by M einzer (1 9 4 9 ) .^  Some 

o f th e  more prom inen t o f each  re g io n  a re  d e sc rib e d  b r i e f l y  by S tr in g -
8

f i e l d  and Le Grand in  H ydrology o f  C arbonate Rock T erranes  -  A Review.
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The K a rs tla n d s  Map in  th e  N a tio n a l A tla s  o f  the U nited S ta te s  f u r th e r  
9

d e l im i ts  a c tu a l  k a r s t  t e r r a n e s .  The d i s t r i b u t i o n  i s  g e n e ra l ly  sum­

m arized  as in  Table 4 . A lask a  and Hawaii have only p s e u d o -k a rs t  a r e a s . 

P u erto  R ico i s  k a r s t la n d  along  the n o r th e rn  c o a s t ,  w est o f  San Juan .

K a rs t  o f F lo r id a

T his b r i e f  rev iew  o f w orld  and U nited  S ta te s  k a r s t  s e rv e s  as b ack ­

ground fo r  t h i s  s tudy  o f F lo r id a  k a r s t .  The p h y s ic a l  r e g io n  o f c e n t r a l  

F lo r id a  tak es  on more im p o rtan ce  when i t s  s i z e  i s  compared w ith  th a t  

o f o th e r  k a r s t  a r e a s ,  fo r  i t  has the l a r g e s t  a re a  o f co n tig u o u s  exposed 

k a r s t  s u r f a c e  in  th e  U nited  S ta t e s .

F lo r id a  i s  composed o f  sed im en tary  la y e rs  r e s t i n g  on th e  c o n t in ­

e n ta l  p la tfo rm  f a r  below th e  s u r f a c e .  D e p o s itio n  was c a r r ie d  on through 

the C enozoic under sh a llo w  se a s  and then  c o n tin u ed  in t e r m i t te n t ly  through 

th e  P le is to c e n e  Epoch. The p e n in su la  underw ent some m o d if ic a t io n  in  a t t i ­

tude because  o f  d is tu rb a n c e s  in  the basem ent ro c k s d u rin g  a P o s t-O lig o c en e  

Orogeny. The d e fo rm atio n  r e s u l te d  i n  u p l i f t  o f  an a re a  o f  w e st c e n t r a l  

F lo r id a  and i s  termed th e  "O cala A rch ."  (See Map 5 .)  O n c e -h o r iz o n ta l 

beds o f  lim e s to n e , c la y  and sand  were domed upward from below as e ro s io n  

took p la c e  to  low er th e  s u r f a c e  from above. The r e s u l t i n g  geomorphology 

o f th e  s tu d y  a r e a  i s  t h a t  o f an eroded dome or a n t i c l i n e ,  w ith  very  

g e n t le  d ip s ,  exposing  o ld e r  rocks a t  th e  c e n te r  and younger s t r a t a  

a long  th e  p e r ip h e ry . Thus, rocks of Eocene age a re  w idesp read  on 

th e  s u r f a c e  a t  th e  c e n te r  o f  th e  Ocala A rch, w hereas th e  O ligocene i s  

n o t r e p re s e n te d  u n t i l  L ive Oak, F lo r id a , i s  reached  to  the n o r th ,  and 

B ro o k s v ille  in  th e  so u th . D uring  th e  s e v e ra l  t r a n s g r e s s io n s  and re g re s s io n s
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Table 4 Karst Areas of the United States

A tla n t ic  and G ulf C oast P la in

W e s t-c e n tra l  and c e n t r a l  F lo r id a  (O cala U p l i f t )  
S o u th - c e n tr a l  and e a s t  G eorg ia 
E a s t - c e n t r a l  South C a ro lin a  
S o u th e a s te rn  N orth  C a ro lin a

E a s t C e n tra l

A ppalachian  M ountains from New England to  n o r th e rn  
Alabama (The G rea t V a lle y )

C e n tra l  T en n e ssee -K en tu c k y -so u th em  In d ia n a  
S outhern  M is s o u r i-n o r th e rn  A rkansas (O zarks) 
S o u th - c e n tr a l  Texas

G reat P la in s

S o u th e a s te rn  New Mexico

W estern M ountains

N o rth e rn  A rizona (C olorado P la te a u )
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THE OCALA ARCH

S ource : Base Map from E x is t in g  Maps
o f th e  F lo r id a  G e o lo g ic a l Survey
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o f th e  s e a s ,  v ary in g  p o r tio n s  o f th e  to p o g rap h ic  "h ig h s"  w ere l e f t  sub­

a e r i a l .  T his phenomenon co m p lica te s  th e  geo logy , causing  unconform i­

t i e s  as w e ll  as d is c o n fo rm itie s  in  th e  s t r u c tu r e  o f th e  ro c k s . Re­

g io n a l t e r r a c e  d e p o s its  o r a n c ie n t s h o re lin e s  f u r th e r  in f lu e n c e  th e  

p h y sio g rap h y .

The s tu d y  a re a  i s  c e n te re d  on th e  O cala U p l i f t ;  s p e c i f i c a l l y  i t  i s  

th e  a re a  of ou tcro p p in g  o r  n e a r - s u r fa c e  Eocene ro c k s . The most ty p ic a l  

m a n ife s ta t io n  of t h i s  landscape i s  th e  lim e s to n e  p la in  where th e  Eocene 

ro ck s a re  on ly  l i g h t l y  covered  w ith  perm eable sa n d s . (See F ig u re  2 .)  

Ranging n o r th - to - s o u th  through  th e  lim e s to n e  p la in  i s  th e  a r e a  c a l le d  

th e  B ro o k sv ille  R idge. This r id g e  i s  composed o f younger d e p o s i ts  of 

sand  and c la y  o v e r ly in g  th e  Eocene ro c k s . Some a re a s  a re  h i l l y ,  p ro b a b ly  

a  r e s u l t  o f d i f f e r e n t i a l  su b sid en ce  o f u n d e r ly in g  m a te r ia ls  w hich had 

become v o ided  by s o lu t io n .  O ther p a r ts  of th e  r id g e  seem to  be sands 

and dunes rem ain ing  from P le is to c e n e  te r r a c e  d e p o s i ts .

In  G i lc h r i s t  and Levy c o u n tie s  and p r a c t i c a l l y  "w ith in "  th e  Brooks­

v i l l e  Ridge i s  the a r e a  term ed th e  W accasassa F la t s ,  p a r t l y  u n d e r la in

by a  graben  developed d u rin g  th e  movement o f  th e  rocks th a t  formed th e

10
O cala U p l i f t  a t  the end of O ligocene tim e . The lan d  fe a tu re s  a re  n o t

f l a t  b u t  a re  sandy h i l l s  u n d e r la in  by Miocene and P le is to c e n e  c la y s  

t h a t  r e ta r d  p e r c o la t io n  of w a te r  and r e s u l t  in  p erched  la k e s  and a 

p ocosin  type o f  swamp d ra in a g e .

These " h ig h e r"  a re a s  j u s t  d e sc rib e d  a re  e s s e n t i a l l y  n o n k a r s t,  t h e i r  

s u r fa c e  e x p re ss io n  n o t p a r t i c u la r l y  r e s u l t i n g  from s o lu t io n .  T h e ir 

appearance i s  d i s t i n c t l y  d i f f e r e n t  from th a t  o f th e  k a r s t i f i e d  lim?.-
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s to n e  p la in s  a re a s  to  th e  e a s t  and w est o f  th e  r id g e - h i l l - d u n e  complex. 

The t r a n s i t i o n  zones a re  sometimes g ra d u a l and b o th  to p o g rap h ic  types  

a re  seen on a g iven  t r a v e r s e .  More o f te n ,  how ever, th e  b o rd e rs  are  

a b ru p t, showing as d i s t i n c t  b o u n d a r ie s , e s p e c ia l ly  on a e r i a l  p h o to g rap h s .

On th e  Gulf c o a s t  and in  a lm ost a l l  o f D ix ie  County th e  w a te r 

ta b le  i s  q u i te  h ig h , p re s e n t in g  a "drowned k a r s t"  a s p e c t .  T h is  c o a s ta l  

a r e a  i s  n o t p re s e n t]y  co n s id e re d  k a r s t  because  of th e  m asking o f th e  

f e a tu r e s  by w a te r and sh a llo w  s u rf a c e  d e p o s i t s .

The a re a s  rem ain ing  f o r  stu d y  a re  th e  lim e s to n e  p l a i n s .  T his a re a  

i s ,  in  th e  o p in io n  o f th e  w r i t e r ,  th e  most d i s t i n c t i v e  k a r s t  in  F lo r id a .  

There i s  a n o th e r  Eocene o u tc ro p  in  th e  Panhandle (o r  w est F lo r id a )  n e a r  

M arianna, b u t t h i s  a r e a  i s  n o t  as e x te n s iv e  as th e  p e n in s u la r  o u tc ro p .

The Eocene Lim estone P la in s  

The lim e s to n e  p la in s  have been t r a d i t i o n a l l y  c o n s id e re d  as a g r i ­

c u l tu r a l  a r e a s .  The o u tc ro p  i s  d iv id e d  in to  two p a r ts  by th e  o v e r ly in g  

W accasassa F la t s  and th e  B ro o k s v ille  R idge, c a l le d  B e ll  R idge in  i t s  

m ost n o r th e r n  e x te n t .  Vernon h as  a t  d i f f e r e n t  tim es c a l le d  p o r t io n s  of 

th e  p la in s  by p lace-nam es (C h ie fla n d  and W i l l i s t o n ) , b u t  f o r  t h i s  re se a rc h  

th ey  w i l l  be term ed The B e ll-T re n to n -C h ie fla n d  Lim estone P la in  and The 

N e w b erry -W illis to n  Lim estone P la in .  The two a re a s  a re  q u i te  s im i la r ,  

e s p e c ia l ly  in  t h e i r  o r ig in .  There a r e ,  how ever, some d i f fe re n c e s  in  th e  

c h a ra c te r  o f  th e  s in k h o le  topography which a re  o f te n  d i f f i c u l t  to  i n t e r ­

p r e t .

The m ost c h a r a c t e r i s t i c  k a r s t  f e a tu r e  h e re  i s  th e  d o l in e ,  a s in k  

o r  s in k h o le  w ith  s lo p in g  s id e s  found a lm ost c o n tin u o u s ly  in  th e  lim e -
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s to n e  p l a i n s . The lan d sca p e i s  c h a r a c t e r i s t i c a l l y  r o l l i n g ,  w ith  th e  

sh a llo w  b a s in s  of i n t e r i o r  d ra in a g e  s e p a ra t in g  low rocky i n t e r f l u v e s . 

The a r e a  i s  n o t  u n l ik e  p a r t s  of th e  P ennyroya l of K entucky in  th e  " la y  

o f  th e  l a n d ."  Low a re a s  o f subdued r e l i e f  cou ld  sometimes f i t  th e  

d e f in i t i o n  o f p o l j e ,  o r k a r s t  p l a i n .  T h e ir  o r ig in  could  p o s s ib ly  be 

t e c to n ic ,  dow nfau lted  o r  dow nfolded. In  any c a s e , th e se  e x p re s s io n s  

a r e  f u r th e r  m o d ified  by s o lu t io n ,  w ith  lo w erin g  by s u b -s u rfa c e  s o lu tio n  

a f a c to r  o f c o n s id e ra b le  im p o rtan ce . F lo r id a  p o l je s  la c k  th e  s te e p  

w a lls  found in  some European k a r s t .  G e n e ra lly , th e  term  which m ight 

b e s t  be a p p lie d  to  F lo r id a  k a r s t  lan d sca p e  i s  " s o lu tio n - s u b s id e n c e ," 

d e s c r ip t iv e  o f th e  fo rm a tio n  o f th e  k a r s t  p l a i n s .  The sh a llo w  b a s in s  

a r e  o f te n  c o a le s c e d , form ing  compound s in k s .

W ater p e r c o la te s  downward th ro u g h  th e  s id e s  and bottom s o f  th e  

s in k s ,  som etim es flo w in g  r a p id ly  i n to  one o f s e v e ra l  s m a lle r  s in k h o le s  

in  th e  f l o o r  o f th e  d o l in e .  H ard ly  any w a te r  s ta n d s  o r  flow s on th e  

s u r f a c e  e x c e p t in  s c a t te r e d  a re a s  o f c la y  d e p o s i ts  which a re  p ro b a b ly  

r e s id u a l  o r  rew orked Miocene fo rm a tio n s . T h e re fo re , th e re  a re  few 

s in k h o le  ponds o r  k a r s t  la k e s  p e rch ed  on th e  lim e s to n e  p l a in s .

The la n d  has been used  m ostly  f o r  a g r ic u l tu r e  and some su b se ­

q u e n tly  p la n te d  p in e s ,  b u t  clumps o f hardwood t r e e s  rem ain t h a t  a re  

more o f te n  th an  n o t in  d e e p -s in k h o le  l o c a t io n s .  Farm ers have p lac ed  

b o u ld e rs  from  th e  f i e l d s  i n to  th e  s in k h o le s  f o r  so many y e a rs  th a t  th e  

to p o g ra p h ic  e x p re s s io n  i s  now v i r t u a l l y  an o u tcro p  of lim e ro ck  r a th e r  

th a n  a v o id . These same c h e r ty  lim e ro ck  b o u ld e rs  a re  som etim es found 

p la c e d  by th e  fa rm er along  th e  fe n ce  row s.
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S c a t te r e d  th ro u g h o u t th e  k a r s t  p la in  a re  v e r t i c a l - w a l l e d  s in k h o le s  

c a l le d  c e n o te s . (See F ig u re  3 .)  O rig in  o f th e  ce n o te  i s  from th e  

c o l la p s e  o f o v e r ly in g  rocks in to  a  c a v i ty  r a th e r  th an  from a low erin g  

o f th e  s u rfa c e  slow ly  downward by "sag g in g " o r by s o lu tio n  b en e a th  a 

s o i l  co v e r. Whereas d o lin e s  may be formed e i t h e r  o f two ways, th e  

s te e p -w a lle d  cen o te  i s  e v id e n tly  c a ta s t r o p h ic  in  i t s  fo rm a tio n .

Cenotes o f la rg e  s iz e  a re  r e a d i ly  found in  th e  e a s te r n  range of 

th e  lim e s to n e  p l a in ,  e s p e c ia l ly  n e a r  N ewberry. They v a ry  from  f iv e  o r 

s i x  f e e t  ac ro s s  to  as much as f i f t y  f e e t .  They may be connected  to  

one a n o th e r  by underground p assa g es  which may be caves o r c o n ta in  w a te r .

An i n t e r e s t i n g  k a r s t  f e a tu r e  most p re v a le n t  in  th e  w e s te rn  p l a in s ,  

n e a r  C h ie fla n d , i s  th e  v e r t i c a l - w a l l e d  ponor o r  n a tu r a l  w e ll .  (See 

F ig u re  4 .)  These a re  o f te n  p e r f e c t ly  round and a re  o f  v a ry in g  d e p th s , 

c o n ta in in g  w a te r  in  some c a s e s .  They a re  som etimes c lo se d  from th e  to p , 

a p p e arin g  to  have formed from  d ee p er zones upw ard. T h is m y ste rio u s  

c lo s e d - to p  w e ll  can be seen  when th e  o b se rv er i s  below  ground l e v e l ,  

a s in  an e x c a v a tio n  such as  an o ld  q u arry  o r  highway b o r r o w -p i t .  The 

smoothed and rounded w e lls  a re  seen  a ls o  as cave chimneys le a d in g  up­

w ard from c a v i t i e s ,  som etimes opening a t  th e  s u r f a c e ,  sometimes seeming 

to  ta p e r  inw ard to  sm all s i z e ,  th en  c lo s in g . Most ponors observed  a re  

o b v io u s ly  open a t  th e  top o r  th ey  would n o t be n o ted  in  a  s u r f a c e  r e ­

co n n a issa n c e . I t  i s  th i s  ty p e  o f s in k h o le , as w e ll  as th e  cenote, th a t  

o f te n  must be fenced  to  le s s e n  i t s  haz a rd  to  men, a n im a ls , and equipm ent. 

(See F ig u re  5 .)

O rig in  and lo c a tio n  o f th e  tu b e s  and p ip e s  a re  m ost o f te n  j o i n t -  

c o n t r o l le d ;  and th ey  may run  as g a l l e r i e s  a lo n g  bedd ing  p la n e s . The
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F ig u re  3 Cenote About Twenty F eet in  D iam eter (Jerome 
Newberry)
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c i r c u l a r  r e g u la r i t y  of some w e lls  may be a  r e s u l t  o f s w i r l in g  of vadose 

w a te r  downward, o r  p h r e a t ic  w a te r  upward, expanding un d er a r te s i a n  con­

d i t io n s  which have e x is te d  in  th e  past."*"'*’ The roundness i s  un u su al in

th a t  th e re  i s  a smoothed in n e r  w a ll ,  w ith  t ru n c a te d  f o s s i l  s h e l l s ,

12
e v id e n c in g  a p ro c e s s  o f c o r ro s io n , r a th e r  th an  s o lu t io n  a lo n e .

These v e r t i c a l  w e lls  and a ls o  numerous " in c l in e d "  o r h o r iz o n ta l  

p ip e s  o r  tu n n e ls  g iv e  a honey-combed a s p e c t  to  a v e r t i c a l  c r o s s - s e c t io n .  

(See F ig u re  6 .)  I t  i s  e a s i l y  observed  t h a t  th e  c a v i t i e s  f i l l  w ith  non­

in d u ra te d  s u r f a c e  m a te r ia l s ,  sand  and c la y ,  which te n d  to  move downward 

th rough  g ra v ity  and movement o f  w a te r . When th i s  d isp la ce m e n t o c c u rs , 

o f te n  a f t e r  a heavy r a in ,  new h o le s  o f a l l  s iz e s  open up. The consensus 

i s  t h a t  th e  m ost " fa v o ra b le "  tim e i s  d u rin g  o r  im m ediately  fo llo w in g  

a p ro lo n g ed  heavy r a in  b re a k in g  a  long  d ro u g h t.

A k a r s t  f e a tu r e  of c o n s id e ra b le  im p o rtan ce  i s  th e  u b iq u ito u s  o u t­

crop o f lim e ro c k . (See F ig u re  7 .) The k a r s t i f i c a t i o n  of th e  lim e sto n e  

p la in s  h as  l e f t  uncovered  a re a s  o f  ro c k . O ften  th e re  a re  b o u ld e rs  p r e ­

s e n t  w hich have been h ardened  by c o n c re tio n s  of s i l i c a  p r e c ip i ta t e d  

in to  c a v i t i e s .  The u n u su a lly  h a rd  d u ra b le  rocks a re  som etimes p i le d  

up to  remove them from c u l t i v a t e d  f i e l d s .  They f i l l  s in k  h o le  s i t e s  

o r  l i n e  fe n ces  w here th ey  a re  a v a i la b le  f o r  u se  by a  c ru s h e r  o p e r a to r  

f o r  a g g re g a te . L im estone on ly  s p a r s e ly  covered  w ith  s o i l  and g ra s s  can 

be seen  in  th e  d i tc h e s  b e s id e  th e  highw ays, e s p e c ia l ly  Highway 41 b e ­

tween High S p rin g s and W i l l i s to n .

The r a th e r  p o o r, e x c e s s iv e ly  d ra in e d  s o i l s  of th e  l im e s to n e  p la in  

a re  o f te n  s e v e ra l  f e e t  th ic k  on th e  i r r e g u l a r  su r fa c e  o f th e  u n d e r ly in g
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ro c k s , y e t  o u tc ro p s  a re  fr e q u e n t .  An u n u su al o cc u rre n ce  in  th e  study  

a r e a  i s  a d e p o s it  o f  "bog i ro n "  o re o u tcro p p in g  in  n o r th e rn  Levy C ounty. 

The o re  i s  a h ig h -g ra d e  l im o n ite  p o s s ib ly  d e p o s ite d  in  th e  lim ero ck  by

13
r i s i n g  a r te s i a n  w a te rs  c a r ry in g  iro n  d is so lv e d  from Lower Eocene s t r a t a .  

The o re  i s  redd ish -b row n  in  c o lo r  and s t a in s  th e  f i e l d s  and sandy roads 

f o r  s e v e ra l  m ile s .  One q u a r te r  o f a q u a r te r - s e c t io n  i s  so rocky th a t  

nea rb y  r e s id e n ts  r e f e r  to  i t  as "The Iro n  F o r ty ."  (See F ig u re  8 .)

The k a r s t  of F lo r id a  as a whole i s  n o t ty p i f i e d  by th e  Eocene o u t­

crop a r e a .  T here i s  in  f a c t  an alm ost i n f i n i t e  v a r ie ty  of e x p re s s io n . 

A reas beyond th e  Eocene ou tcrop  a re  in f lu e n c e d  geom o rp h o lo g ica lly  by 

th e  Eocene l e v e l s . These u n d e r lie  younger fo rm a tio n s  f la n k in g  th e  

O cala U p l i f t .  The beds se rv e  as th e  p r in c ip a l  a q u i f e r  of F lo r id a .

S o lu tio n  c a v i t i e s  in  t h i s  rock sometimes r e s u l t  in  th e  d i f f e r e n t i a l  

su b sid en ce  of o v e r ly in g  fo rm a tio n s to  c re a te  h i l l s  o r la k e  b a s i n s .

T here i s  s a id  to  be a rough r a t i o  between th e  th ic k n e s s  o f th e  o v e r­

burden  and th e  s iz e  o f a  s in k h o le  c o lla p se d  o r sagged to  f i l l  a v o id  

b elow . The s in k h o le s  a t  G a in e s v il le  or to  th e  e a s t  in  th e  Hawthorne 

d e p o s i ts  would th e re fo re  be la rg e  and spaced  w e ll  a p a r t .  Those in  th e  

l im e s to n e  p la in s  w ith  alm ost no overburden a re  o f te n  q u i te  sm all and 

c lo s e ly  sp aced . S o il  o r cover m ust be co n s id e red  too  because case 

s tu d ie s  show th a t  even though h o le s  may o ccur under sandy s o i l ,  th ey  

f i l l  r a p id ly  a g a in  and a re  u s u a l ly  n o t re p o r te d  as  s i g n i f i c a n t .

Most o f  th e  F lo r id a  la k e s  and p r a i r i e s  could  be c a l le d  k a r s t  

f e a tu r e s  because  th ey  owe t h e i r  o r ig in  to  a  lo w erin g  o f  the  s u rf a c e  

by th e  s o lu tio n  of u n d e r ly in g  ro c k s . The sh allo w  p r a i r i e  la k e s  s u r -
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rounding  th e  s tu d y  a r e a  a re  l in e d  w ith  f in e  g ra in e d  sed im en ts making 

th e  l im e s to n e  im perm eable. When h y d r o s t a t i c  p re s s u re  b u i ld s  u p ,th e s e  

p r a i r i e  la k e s  "b re ak  th rough" and d ra in  in to  an a d jo in in g  s in k h o le .

The p re c e d in g  s e c tio n s  have in v o lv ed  a fo rm al d e s c r ip t io n  o f k a r s t  

as a complex of la n d fo rm s. Next fo llo w ed  th e  i d e n t i f i c a t i o n  o f  th e  

more im p o rta n t k a r s t  a r e a s  o f  th e  w orld  and o f  th e  U n ited  S ta te s ,  

end ing  w ith  an expanded o u t l in e  o f  k a r s t  in  a l l  o f F lo r id a .  W ith th e  

fo re g o in g  to  se rv e  as a frame o f r e f e r e n c e ,  th e  focus o f th e  p re s e n t  

re s e a rc h  i s  re a c h e d . I t s  ra is o n  d 'e t r e  i s  th e  d e s c r ip t io n  and e x p la n ­

a t io n  o f th e  Eocene k a r s t  f e a tu r e s  as th ey  a f f e c t  la n d  u se  in  t h i s  

s e le c te d  re g io n  o f F lo r id a .
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CHAPTER III

METHODS, TECHNIQUES, AND TOPICS EMPLOYED 
IN KARST AREA STUDIES

The focus o f th e  s tu d y , a s  in d ic a te d  b e f o re ,  i s  upon the lim e s to n e  

p l a i n s ,  term ed fo r  geo g rap h ic  r e fe r e n c e ,  B e ll-T re n to n -C h ie fla n d  and 

N e w b e rry -W illis to n .

Methods

In  th e  l i t e r a t u r e  rev iew ed in  th e  background c h a p te r ,  th e  s c i e n t i s t s  

have used  s e v e ra l  methods and numerous te c h n iq u e s  f o r  re s e a rc h . The 

fo rm al s t a t i s t i c a l  method i s  b e s t  dem o n stra ted  by P la c id o  La V a lle  in  

h i s  s tu d y  o f K entucky s in k h o le s .1 l n an a r e a  o f 800 square m ile s  in  

South C e n tra l K entucky, u s in g  USGS q u ad ran g le  maps, La V a lle  c a r r ie d  

o u t d e t a i l e d  s tu d ie s  on a random sample o f 25 p e rc e n t chosen from an 

a r b i t r a r i l y  p lac ed  g r id .  H is m easurem ents c o n s t i tu te d  th e  b a s i s  fo r  

a m orphom etric a n a ly s is  o f  l i n e a r  k a r s t  developm ent. This exam ina tion  

re v e a le d  two f a c e t s  r e f l e c t i n g  l i n e a r  t r e n d s :  th e  d ep ress io n  e lo n g a tio n

r a t i o  and th e  r e l a t i v e  o r i e n t a t i o n  o f th e  d e p re ss io n  ax es . H is r e s u l t s  

show th a t  m ajor axes p a r a l l e l  j o i n t  s t r i k e s  and th a t  s p a t i a l  d i s t r i b u ­

t io n s  c o r r e l a te  w ith  s t r u c t u r a l  w eaknesses such as numerous j o i n t s  and 

th in  bedd ing  p la n e s .  S tu d ie s  have been made which confirm  t h a t  t h i s  

c o n d it io n  a ls o  e x i s t s  in  th e  F lo r id a  k a r s t ,  b u t  th e  r e s u l t s  a re  n o t 

b ase d  on fo rm al s t a t i s t i c a l  m ethodology.
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The e x p e rim e n ta l  method i s  one in  which d a ta  a re  se c u re d  under con­

d i t io n s  in  which some fo rc e s  a re  h e ld  f a i r l y  c o n s ta n t w h ile  o th e r  fo rc e s  

a re  m easured . In  th e  l i t e r a t u r e  su rv e y ed , th e  b e s t  example o f t h i s  r e ­

s e a rc h  method i s  d e sc rib e d  by C li f f o r d  A. Kaye in  "The E f f e c t  o f S o lv en t 
2

M otion on L im estone S o lu tio n "  (1957) . He perform ed a c tu a l  experim en ts 

w ith  b lo ck s  o f l im e s to n e , w a te r ,  and a c id  s o lu t io n s .  H is d em o n stra tio n  

proved  th a t  a g i t a t i o n  and m otion  of s o lv e n t  flow  a re  p o s i t i v e  f a c to r s  

o f  im portance in  lim e s to n e  s o lu tio n  p a t t e r n s .  From th e  p r in c ip l e  t h a t  

th e  g r e a t e r  th e  flow  v e lo c i ty ,  th e  g r e a t e r  th e  r a te  o f s o lu t io n ,  he 

s u g g e s ts  t h a t  d i f f e r e n t i a l  s o lu tio n  in  p ro p o r tio n  to  v e lo c i ty  ta k e s  

p la c e  and t h a t  t h i s  p ro c e s s  causes  p r e f e r e n t i a l  c o n d u it en la rg em en ts  of 

c a v i t i e s  by p h r e a t ic  w a te rs .

Few a c tu a l  ex perim en ts  e x i s t  as to  deg rees  and p a t t e r n s  o f  s o lu ­

b i l i t y  o f F lo r id a  l im e s to n e . E n g in ee rin g  s tu d ie s  have been made con­

c e rn in g  r e l a t i v e  s t r e n g th s  o f w et and dry  lim e ro ck , b u t  c o n tro l le d  

e x p e rim en ts  a re  only  in f re q u e n t ly  d e sc rib e d  in  th e  l i t e r a t u r e .  C. V.

D o ll iv e r  conducted  s e v e ra l  p h y s ic a l  p r o je c t s  in  th e  la b o ra to ry  f o r  h e r
3

th e s i s  "The Geomorphology o f  th e  W e st-C e n tra l F lo r id a  P e n in s u la .

These a re  n o t e x c lu s iv e ly  perform ed on lim e s to n e  ro c k s , how ever, b u t  

in v o lv e  d e p o s it io n  and arrangem ent o f  m a te r ia ls  by moving w a te r  in  th e  

G ulf Lim estone P la in  a r e a .  H. K. Brooks has perform ed a la rg e  number 

of la b o ra to ry  ex p e rim en ts  to  an a ly ze  th e  chem ical com position  o f s u r ­

fa c e  and ground w a te rs  th ro u g h o u t th e  k a r s t  a re a  o f n o r th e rn  p e n in s u la r  
4

F lo r id a .  H is q u a n t i t a t i v e  r e s u l t s  a re  i n t e r e s t i n g  in  t h a t  they  show
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th e  o v e r a l l  r a t e  of s o lu tio n  in  th e  k a r s t  te r r a n e  a s  about 1 .5  in ch e s  

p e r  1 ,000 y e a r s .  These f ig u re s  w ere based  upon f i e l d  sam ples o f w a te r 

c o l le c te d  and ana lyzed  in  1967 and show th a t  the low ering  o f th e  r e ­

g io n a l  lan d sca p e  ta k e s  p la c e  a t  a r a t e  on ly  a l i t t l e  l e s s  ra p id  than 

t h a t  c a lc u la te d  by S e l la rd s  i n  1908.^

The g e n e ra l  re s e a rc h  method o f analogy  has been used  r a th e r  b ro a d ly  

i n  r e s e a r c h  on lim e s to n e  t e r r a n e s .  The e f f o r t s  o f s c h o la r s  to  make 

com parisons and to  a t t r i b u t e  c e r t a in  c h a r a c t e r i s t i c s  o f one k a r s t  a re a  

to  th o se  of a n o th e r  a re  f r e q u e n t .  They a re  no t a p p lie d  w ith o u t r e s e r ­

v a t io n ,  how ever, bec au se  th e  k a r s t  lan d sca p e  v a r ie s  so ex tre m ely  w ith  

p h y s ic a l  e x ig e n c ie s .  The e f f o r t  to  sy n th e s iz e  a  k a r s t  v o ca b u la ry  i s  

one way to  em phasize th e  a n a lo g ie s  t h a t  do e x i s t .  F lo r id a  k a r s t  i s  

r a r e ly  compared to  t h a t  of o th e r  a r e a s .  The g e n tle n e s s  of d ip ,  the 

h ig h  w a te r  t a b l e ,  and th e  s u b t r o p ic a l  c l im a te  combine w ith  th e  s t r u c t u r a l  

c h a r a c t e r i s t i c s ,  dense and h ig h ly  jo in te d ,  to  p re s e n t  a un ique la n d sc a p e .

T ro p ic a l  k a r s t  has been re se a rc h e d  by Sweeting,® M ey erh o ff ,^  Monroe,®
9

and o th e r s ,  b u t  only C orbel h as  a c tu a l ly  made com parisons o f an o th e r 

lan d sca p e  and th e  F lo r id a  k a r s t .  H is d e s c r ip t io n  of f e a tu r e s  in  Mexico 

m en tions s i m i l a r i t i e s  and c o n t r a s t s  betw een Y ucatecan and F lo r id ia n  

t e r r a n e s .

The p re s e n t  s tu d y  w i l l  employ two methods o th e r  th an  th e  h i s t o r i c a l  

m ethod a lre a d y  b e in g  u t i l i z e d .  These a re  th e  in fo rm a l s t a t i s t i c a l  

method and th e  ca se  s tu d y  m ethod. The in fo rm a l s t a t i s t i c a l  method i s  

o f f e re d  as  an a l t e r n a t i v e  to  th e  fo rm al when the a v a i la b le  d a ta  a re  

d isc o n tin u o u s  o r  o th e rw ise  u n s u i ta b le  f o r  form al q u a n t i t a t i v e  h a n d lin g .
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The w r i t e r  c o n s id e r s  t h a t  th e  co u n tin g  of s in k h o le s  u s in g  v a r io u s  te c h ­

n iq u es  i s  a p ro b le m -o rie n te d  approach , b u t th e  s ta te m e n ts  o b ta in ed  from 

a n a ly s i s  o f th e  C o n serv a tio n  Needs In v e n to ry  d a ta  a re  somewhat more 

f o r m a l i s t i c  in  p r e s e n ta t io n .

The case  s tu d y  method has been  used most o f te n  in  th e  l i t e r a t u r e  

s p e c i f i c a l l y  ab o u t k a r s t  t e r r a n e s .  As c i te d  b e f o re ,  Sauer and Goodwin 

b o th  used  th e  P ennyroya l o f Kentucky as  t h e i r  case  in  p o in t .  In  a d d i t io n , 

Dicken and Brown have been  e s p e c ia l ly  e r u d i te  in  t h e i r  p re s e n ta t io n  of 

a  ca se  s tu d y  d e s c r ib in g  e r o s io n  problem s o f Kentucky " lim e sto n e  s o i l s .  

C e n tra l  Tennessee i s  a n o th e r  case  a re a  covered  in  L im estone H ydrology in  

th e  Upper S tones R iver B asin  by Moore, B u rc h e tt, and Bingham.'*''*'

F lo r id a  k a r s t  h as  been s p e c i f i c a l l y  in v e s t ig a te d  by s e v e ra l  s tu d e n ts  of 

th e  a r e a  in  ca se  s tu d y  ap p ro ach e s . A bbott (1971) in  "Twenty S prings o f 

th e  Oklawaha" d e s c r ib e s  s p r in g s  a s  k a r s t  f e a tu r e s  of a p a r t i c u la r  a r e a . ^  

L ip ch in sk y  in  "A Study of th e  O r ig in  of Lim estone Caverns in  F lo r id a "  

o f f e r s  d e t a i l e d  d e s c r ip t io n s  and e x p la n a tio n s  o f f e a tu re s  found in  f i f t e e n  

F lo r id a  c a v e s . ^  0 . W. G ira rd , J r . , ^  and J .  D. V o rm e lk e r^  d e s c r ib e  th e

geology o f th e  High S prings Q uadrangle and th a t  of th e  G a in e s v il le  West 

Q uadrang le, r e s p e c t iv e ly .  These two s tu d ie s  d e s c r ib e  lan d s which a re  f a i r l y  

r e p r e s e n ta t iv e  of lo c a l  k a r s t  t e r r a n e s ,  as i s  th e  underground S an ta  Fe 

R iv e r chosen f o r  re s e a rc h  by R. T. Skirven."*"^ A ll  th e s e  p r o je c t s  s k i r t  

th e  p re s e n t  s tu d y  a r e a  o f th e  lim e s to n e  p l a in s ,  ex c e p t one conducted by 

H. K. B rooks, b e f o re  c i t e d .  H is to p ic  c irc u m sc rib e s  th e  e n t i r e  a re a  

in  a  s y s te m a tic  approach  which i s  g e o lo g ic a l  in  c o n te n t.  The g eo g rap h ica l 

pu rv iew , th u s , h as  been l e f t  f o r  th e  p re s e n t  s tu d y .
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Technigues

The methods rev iew ed in c lu d e  th e  f iv e  c l a s s i c  ways of p re s e n tin g  

r e s e a r c h :  th e  fo rm al s t a t i s t i c a l  m ethod, th e  in fo rm a l s t a t i s t i c a l

m ethod, th e  ex p e rim en ta l m ethod, th e  analogy  and th e  case  s tu d y . Many 

te c h n iq u e s  o r s k i l l s  have been employed in  th e  u se  of th e  re s e a rc h  

m ethods rev iew ed h e r e .  The f i e l d  tec h n iq u e s  a re  g e n e ra lly  r e c o n n a is ­

sa n c e , m easurem ent, g a th e r in g  of sam ples, pho to g rap h y , and map and photo 

i n t e r p r e t a t i o n .  The in te rv ie w  has been  l i t t l e  used o r  i s  u n re p o rte d , 

v e ry  l i k e l y  b ecau se  i t  i s  o f te n  co n s id e red  vague o r u n s c i e n t i f i c  in  

ap p ro ach . A ll th e  above m entioned te c h n iq u e s  a re  used  in  th e  p re s e n t  

r e s e a r c h , ex c ep t fo r  th e  c o l le c t io n  and a n a ly s is  of sam ples in  th e  

l a b o r a to r y .  E s p e c ia l  a t t e n t io n  i s  c a l le d  to  pho to g rap h y , a t o o l  which 

can be used  to  h e lp  g r e a t ly  in  th e  d e s c r ip t io n  of th e  lim e s to n e  t e r r a n e .  

(See F ig u re  8.) Almost a l l  a v a i la b le  re s e a rc h  in to  F lo r id a  to p ic s  i n ­

c lu d e s  a i r  and ground p h o to g rap h s .

The tec h n iq u e  of rem ote s e n s in g  of th e  environm ent i s  co m p a rativ e ly  

new fo r  lim e s to n e  re s e a r c h , d a tin g  from  1940, o r  about t h i r t y  y e a r s .  

E a r l i e s t  pho to s  used  fo r  t h i s  p ap e r a re  th e  A g r ic u ltu r a l  S ta b i l i z a t io n  

and C o n serv a tio n  S e rv ic e  c o n ta c t  p r i n t s  in  s te r e o  coverage o f th e  two 

c o u n tie s  o f th e  w e ste rn  p o r t io n  of th e  lim e s to n e  p l a in s ,  G i l c h r i s t  and 

Levy C o u n tie s . The sample a r e a ,  o n ly  p a r t  o f th e  p l a in ,  was chosen fo r  

s tu d y  as an example of an a g r ic u l tu r a l  a r e a ,  d e f in e d  as such on 

M a rsc h n e r 's  Land Use Map o f F lo r id a .  S te reo  p a i r s  were examined care-^ 

f u l l y  f o r  ev id en ce  o f  e x is te n c e  of s in k h o le s ,  q u a r r i e s ,  and s p r in g s .  

O utcrop cou ld  n o t be  d i s t in g u is h e d .  The f o r e s te d  and n o n fo re s te d  a re a s
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a re  f a i r l y  e a s i l y  d isc e rn e d  on th e  p h o to s . The r e s u l t  o f p a in s ta k in g  

m arking o f s in k h o le s  la rg e  enough to  show up on th e  p ic tu r e s  i s  th a t  

th e  p a t te r n  on th e  lan d  as w e ll  as the  d e n s i ty  o f such s in k h o le s  can 

be c a lc u la te d .  (See Map 6 .)

Extrem ely  s o p h is t ic a te d  te c h n iq u e s  have been re p o r te d  re c e n t ly  in  

d e te rm in in g  a re a s  which may be " s in k h o le -p ro n e ."  Thermal i n f r a - r e d  

im agery and i n t e r p r e t a t i o n  have le d  to  p o s s ib ly  e x tra v a g a n t cla im s th a t  

c o lla p s e -p ro n e  a re a s  can be p re d ic te d  o r  d e te c te d  by a n a ly s is  o f d a ta .  

Coker, M arsh a ll and Thompson worked w ith  m u l t i s p e c t r a l  im agery to  show 

t h a t  some o v a l p a t te r n s  on th e  r e c o g n it io n  maps d e l in e a te d  su b sid en ce  

a re a s  n e a r  Bartow , F l o r i d a . ^  J .  W. S te w art came somewhat c lo s e r  geo­

g ra p h ic a l ly  to  th e  Eocene lim e s to n e  p la in s  in  h i s  rem ote se n s in g  re p o r t  

on la k e s  in  w est c e n t r a l  Florida.'*'®  He used  im agery -p roduc ing  rem ote 

s e n so rs  (1) to  de te rm ine  i n t e r r e l a t i o n s h ip s  betw een la k e s  o f  d i f ­

f e r e n t  c h a r a c t e r i s t i c s ;  (2) to  develop a c l a s s i f i c a t i o n  of th e  la k e  

sh o re  f e a tu r e s ;  and (3) to  e s t a b l i s h  a c l a s s i f i c a t i o n  of la k e s  in  a 

k a r s t  topography . Most of th e se  g o a ls  a re  a ls o  sough t a f t e r  h e re  in  the  

p re s e n t  re s e a rc h  e f f o r t ,  b u t th rough use o f  c o n v e n tio n a l photography and 

te c h n iq u e s  o f i n t e r p r e t a t i o n .

O ther r e p o r ts  on remote se n s in g  ex p erim en ts  have n o t proved th a t  

use o f  th erm a l i n f r a - r e d  im agery i s  much more e f f e c t iv e  than  use  o f 

s te r e o  p a i r s .  Some f e a tu r e s ,  e s p e c ia l ly  ro c k  o u tc ro p s  and w et a re a s , 

may be d e te c te d  more a c c u ra te ly  by th e  use  o f  th e  ex p e n siv e  and s o p h is ­

t i c a t e d  te c h n iq u e s , b u t  s in k h o le s  in  g e n e ra l  a re  d i s c e r n ib le  to  abou t 

th e  same d egree  w ith  e i t h e r  type o f im agery . The h y d ro b io lo g ic a l  i n -
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v e s t ig a t io n s  o f la k e s ,  th e  E v e rg la d e s , s e le c te d  c o a s ta l  a r e a s ,  the 

Oklawaha V a lle y , and muck d e p o s i ts  now b e in g  conducted  w i l l  prove th e  

v a lu e  o f modem te c h n iq u e s  f o r  a n a ly se s  o f k a r s t - in f lu e n c e d  topography. 

The ra p id  d ra in a g e  p re v a i l in g  in  th e  lim e s to n e  p la in s  them selves i s  

p ro b a b ly  th e  f a c to r  re n d e r in g  a e r i a l  p ho tographs a lm ost a s  e f f e c t iv e  

a s  m u l t i s p e c t r a l  r e f l e c t i o n s .

T o p ic a l Approach 

The methods and te c h n iq u e s  used  f o r  re s e a rc h  s e rv e  to  f a c i l i t a t e  

th e  accom plishm ent of c e r t a in  ta s k s  and th e  a tta in m e n t of s e le c te d  g o a ls . 

A nother m a tte r  o f ch o ic e  i s  th e  form  o f p r e s e n ta t io n  o f th e  r e s u l t s  of 

th e  w ork. The to p ic a l  approach  i s  u sed  h e re  because  o f th e  g e o g ra p h ic a l 

n a tu r e  o f th e  re s e a r c h . The em p h a sis , a f t e r  th e  background s e t t i n g ,  i s  

upon man and h i s  u se  of th e  la n d .

The lim e s to n e  p la in s  a r e  t r a d i t i o n a l l y  a g r ic u l tu r a l  in  u se . Crops 

have been  grown and l iv e s to c k  tended  on t h i s  lan d  th rough  th e  y e a rs .

"The E f f e c t  of K a rs t  Topography on A g r ic u ltu r a l  Land Use" w i l l  be th e  

t o p ic  rev iew ed i n i t i a l l y .  A lso in c lu d e d  i s  th e  c o n t r a s t in g  p o s i t i o n - th a t  

o f exam ining  th e  e f f e c t  t h a t  m an 's  u se  h as  had on th e  c o n d it io n  of th e  

la n d . T h is  f i r s t  to p ic  i s  t r e a t e d  in  C h ap ter IV, th e  theme of th e  p re s e n t  

r e s e a r c h  p r o j e c t ,  because o f th e  f a c t  t h a t  a g r ic u l tu r e  i s  th e  dom inant 

la n d  u se  in  th e  a r e a .

The second to p ic  i s  "H azards A sso c ia te d  w ith  K a r s t ."  Three 

d iv i s io n s  of C hapter V seem l o g ic a l  in  th e  ex am ina tion  o f assem bled 

d a ta :  th e  p la c e  o f s in k h o le  h a z a rd  in  contem porary g e o g ra p h ic a l r e ­
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se a rc h  re g a rd in g  h azardousness o f  lo c a tio n  o r  p la c e ;  the h i s to r y  and 

s t a tu s  o f  s in k h o le  in su ra n c e ;  and th e  D epartm ent of T ra n sp o rta tio n  

problem s w ith  highway and rig h t-o f-w a y  su b s id en ce .

The th i r d  s u b je c t  to  be p re se n te d  i s  a view o f  "Lim estone as a 

R eso u rc e ,"  C hap ter S ix . H i s to r i c a l l y ,  th e  p re sen ce  o f m in e ra ls  has 

he lp e d  in  some ways to  s e t t l e  th e  a re a  and to  e s t a b l i s h  the t r a n s p o r ­

ta t i o n  ro u te s ,  c h ie f ly  roads and r a i l r o a d s .  L im erock, do lo m ite  and 

phosphate a re  th e  th re e  o u ts ta n d in g  m in e ra ls  in  the ca se  o f th e  Eocene 

o u tc ro p  re g io n .

The l a s t  to p ic  to  be d i s c u s s e d , as C hap ter Seven, concerns "Land 

V alues and K a r s t ."  Booming p ro s p e r i ty  and in c re a s in g  demands f o r  land 

in  F lo r id a  put new valu es  upon some a lm ost abandoned t r a c t s  o f  r u r a l  

la n d . The advan tage g ain ed  by the p re sen ce  o f  k a r s t  f e a tu r e s ,  lakes 

in  t h i s  in s ta n c e ,  is  ex p lo red  i n  an a n a ly s is  of th e  enhancement o f  land 

v a lu e s  when th e se  fe a tu re s  a re  p re s e n t  and a b le  to  be e x p lo i te d .

These fo u r  to p ic s  o f f e r  a geo g rap h ic  p r e s e n ta t io n  in  th e  stu d y  o f 

k a r s t  topography n o t b e fo re  a t te m p te d . The to p i c a l  approach em phasizes 

th e  use  o f th e  land by man and h is  w orks.
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CHAPTER IV

THE EFFECT OF KARST TOPOGRAPHY 
ON AGRICULTURAL LAND USE

H is to r i c a l  P e rs p e c t iv e  

P a t te r n s  of a g r ic u l tu r e  a r e  n e c e s s a r i ly  de te rm ined  by b o th  p h y s ic a l  

and c u l t u r a l  in f lu e n c e s .  One o r  th e  o th e r  may be dom inant, b u t b o th  must 

be c o n s id e re d  in  a g eo g rap h ic  a p p r a i s a l .  They p h y s ic a l  lan d sca p e  p ro v id e s  

th e  s e t t i n g  f o r  th e  complex i n t e r a c t io n s  o f  m an 's in f lu e n c e s  through tim e . 

T h e re fo re , changes th ro u g h  h i s t o r i c a l  tim e  a r e  im p o rtan t in  e x p la in in g  

p re s e n t  p a t t e r n s  of lan d  u se .

The s tu d y  a re a  i s  f a i r l y  homogeneous c l im a t i c a l l y  b ecau se  o f th e  

r a th e r  sm all s i z e  o f  th e  re g io n . T here a r e  d i f fe re n c e s  in  ty p e s  o f  la n d -  

fo rm s, how ever, a s  d e sc rib e d  in  C hap ter I I .  These geom orpho log ica l v a r i ­

a t io n s  have p re -d e te rm in e d  th e  s o i l  ty p e s  w h ich , th e r e f o r e ,  a r e  m ostly  

az o n a l ( in f lu e n c e d  p r in c ip a l ly  by f a c to r s  o th e r  th a n  c l im a te ) . P a re n t 

m a te r ia l  o f  l im e s to n e , san d , s i l t ,  and c la y  u n d e r lie  th e  s o i l s  and , along  

w ith  d ra in a g e  c o n d i t io n s ,  a r e  re s p o n s ib le  f o r  t h e i r  c h a r a c t e r i s t i c s .

The d i s t r i b u t i o n  o f  n a tu r a l  v e g e ta t io n  as  i t  e x i s te d  alm ost con­

t in u o u s ly  o v er th e  la n d  a ls o  was n o t s t ro n g ly  in f lu e n c e d  by c lim a te  

(se e  Map 7 ) .  P a t te r n s  o f  v e g e ta t io n  resp o n d ed  to  s o i l s ,  w hich a re  

p r in c ip a l ly  r e la t e d  to  g eo lo g y . V e g e ta tiv e  co v e r o r  p h y s ic a l  appearance 

o f th e  la n d sc a p e  h e lp e d  e a r ly  s e t t l e r s  make d e c is io n s  about how to  use  

th e  lan d  i n i t i a l l y .
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S e tt le m e n t o f  th e  s tu d y  a re a  took  p la c e  s lo w ly  and th e  p eo p le  l iv e d  

on th e  la n d , fa rm ing  on ly  th e  b e t t e r  s o i l  a r e a s .  E a r ly  farm ing  was m ainly 

o f a s u b s is te n c e  ty p e ,  f o r  m arke ts  w ere rem ote . Corn, r i c e ,  su g ar can e , 

and sw eet p o ta to e s  w ere grown, and s to c k  r a i s i n g  was a ls o  im p o rta n t.

The grow ing o f s e a - i s la n d  c o t to n  became p o p u la r , e s p e c ia l ly  fo llo w in g  The 

War y e a rs  (1861-1865) and much hammock lan d  was c le a re d  f o r  c o t to n .

A lachua and M arion C oun ties w ere s e t t l e d  f i r s t ,  and s u b s t a n t i a l  

p l a n t e r s  w ere in c lu d e d  among th e  f i r s t  Am ericans in  t h a t  a r e a .  A lachua 

County was s e t t l e d  in  th e  1820 's  and 1 8 3 0 's  ( in  th e  e a s te r n  and so u th e rn  

s e c tio n s  o f  th e  p re s e n t  c o u n ty ); M arion County was s e t t l e d  i n  th e  1830's  

and e a r ly  1840 ' s ,  d e s p i te  th e  f ig h t in g  d u rin g  th e  Second Sem inole War 

w hich  to o k  p la c e  n e a r  Ocala.'*' In  b o th  th e s e  c o u n t ie s ,  a g r ic u l tu r a l  

s t a p l e s  w ere produced  e a r ly ,  a lo n g  w ith  th e  p l a n t a t i o n  economy based  on 

s la v e  l a b o r ,  b u t t h i s  s e t t le m e n t  m ain ly  in v o lv ed  r i c h e r  hammock lan d s  

e a s t  o f th e  Eocene o u tc ro p  a r e a .

In  th e  s p a r s e ly  s e t t l e d  county  to  th e  w est in  c e n t r a l  F lo r id a ,  

l o n e ly  fa rm ste a d s  o f  th e  s u c c e s s fu l  la n d  c la im a n ts  grew p a tc h e s  o f corn  

and b e a n s , cane and tobacco  among stumps o f  c le a re d  and burned  la n d .

The f i r s t  town m entioned  in  th e  a re a  by Cash i s  A rch er , s e t t l e d  in  1859,
2

c o in c id e n t  w ith  th e  b u i ld in g  o f  th e  F lo r id a  r a i l r o a d  th ro u g h  th e  s e c t io n .

P r a c t i c a l l y  a l l  th e  c o u n try s id e  was open ra n g e  f o r  l iv e s to c k .

C a t t le  and hogs w ere f a i r l y  w e ll fe d  on p a s tu re  g ra s s e s  in  th e  p r a i r i e  

la n d s  and oak m ast i n  th e  hammocks.^ S tock r a i s in g  was th e  t o t a l  occu­

p a t io n  fo r  some o f  th e  p o p u la tio n  because  p r a i r i e  la n d  u n s u ite d  fo r  c ro p - 
4

la n d  o f te n  made good p a s tu ra g e .
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In  th e  s o u th e rn  p a r t s  of th e  s tu d y  a r e a ,  c i t r u s  became im p o rta n t, 

b eg in n in g  in  1859 w ith  a s in g le  orange grove a t  M icanopy.^ S o il  and 

c lim a te  were s u i ta b l e  f o r  oranges and th e  in d u s tr y  expanded, in c re a s in g  

lan d  v a lu e s  a p p r e c ia b ly .  With th e  d isc o v e ry  of p h o sp h a te , th e  a re a  

boomed even m ore, and la n d  s p e c u la t io n  fo llo w ed . Towns were l a i d  ou t 

and many l o t s  su rv e y ed , b u t  n o t a l l  were s e t t l e d ,  as i s  t y p ic a l  of 

A merican lan d  booms. There was a  g e n e ra l  d e p re s s io n  fo llo w in g  th e  

c o l la p s e  o f th e  boom. P r o s p e r i ty  had n o t y e t  com plete ly  r e tu rn e d  when 

th e  g r e a t  f r e e z e  o f 1894-1895 k i l l e d  a l l  th e  orange t r e e s  in  th e  a r e a .  

P r io r  to  th e  f r e e z e ,  alm o st every  farm  in  th e  so u th e rn  a re a  had i t s  

own orange g ro v e . With c i t r u s  and s to c k  r a i s in g  as p rim ary  v e n tu re s ,  

n o t much lan d  was farm ed ex c ep t f o r  s u b s is te n c e  c ro p s . T u rp e n tin in g  

became p r o f i t a b le  and th e  in d u s tr y  grew r a th e r  r a p id ly ,  som etimes com­

p e tin g  w ith  lo g g in g  o p e ra tio n s  fo r  th e  p in e  t r e e s .

The s t a r t  o f com m ercial f o r e s t r y  f i r s t  p ro v id ed  a so u rce  o f  su p p le ­

m en ta l income f o r  s u b s is te n c e  fa rm ers  b u t was conducted  on r a th e r  a 

sm all s c a le  in  th e  k a r s t  a re a s  because  o f  th e  la c k  of w aterw ays. In  

n o r th e rn  F lo r id a  on ly  th e  tim b er t r a c t s  co n v en ien t to  th e  p o r t s  of 

P e n sa c o la , S t .  M arks, o r  J a c k s o n v il le  were e x te n s iv e ly  logged  o f f  b e fo re  

1900.^ so th e  y e a rs  of e a r ly  s e t t le m e n t  d id  n o t d r a s t i c a l l y  change th e  

appearance  o f th e  f o r e s t s  o f th e  s tu d y  a r e a .

Truck farm ing  was g r e a t ly  ex tended  a f t e r  th e  f r e e z e  and was 

f o s te r e d  by th e  e x te n s io n  o f th e  r a i l r o a d s  i n to  th e  r e g io n . C an taloupes 

and w a te rm elons, a s  w e ll  a s  peppers  and some e g g p la n ts , were th e  p r in ­

c ip a l  v e g e ta b le  cro p s th en  as now.^ In  th e  a re a s  o f h a rd  rock  phosphate

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .



-59-

m in in g , on the  o th e r  hand , h a rd ly  any a t t e n t io n  was g iv en  to  a g r ic u l tu r e ,  

alth o u g h  much of th e  f o r e s t  was b e in g  c u t o v er to  p ro v id e  f u e l  fo r  d ry in g  

o p e r a t io n s .  By th e  second decade o f  t h i s  c e n tu ry , th e  growing of tru c k  

c ro p s and co m  was fo llo w in g  some c le a r ly  re co g n ize d  p r a c t i c e s .  V e g e tab les , 

such as tom atoes, snapbeans, and cabbages, were p la n te d  v e ry  e a r ly  in  th e  

grow ing season  and f e r t i l i z e d  h e a v i ly .  Then a co m  crop was p u t in  th e  

same f i e l d  to  tak e  advantage o f th e  rem ain ing  f e r t i l i z e r  in  th e  s o i l .

T h is  p ro v id ed  a  r o t a t i o n  program  of s o r t s  w ith  good y ie ld s .®

Although a l i t t l e  tobacco  had been grown and sometimes so ld  by th e  

p io n e e r  s e t t l e r s ,  s i x  a c re s  o f  b r i g h t - l e a f  tobacco  in  th e  Suwannee R iver 

V a lle y ,in  1921, marked th e  f i r s t  commercial v e n tu re  in  th e  a r e a .^  In  

1923 some 200 a c re s  were h a rv e s te d , g iv in g  tobacco  grow ing im portance as 

a money m a k e r .^

The most a c t iv e  lum bering  took p la c e  in  th e  l a t e  192 0 's  and e a r ly  

1930 's.'* ’'*’ Whereas b e fo re  only  sm all lo c a l  saw m ills had used  lo g s  f o r  

lo c a l  c o n s tru c t io n , now la rg e  companies ravaged  th e  la n d , removing c h ie f ly  

th e  lo n g le a f  p in e .  Small gauge ra i l r o a d s  and p r im itiv e  lo g g in g  roads 

c r is s - c r o s s e d  many a r e a s ,  along  w ith  a  few farm  roads u t i l i z e d  by fa rm ers  

who came in  and began c le a r in g  th e  brushy  c u t-o v e r  la n d s  f o r  c ro p la n d .

The ch o ic e  o f s p e c i f i c  u ses  fo r  lan d  in  farm s was made by th e  grow er, 

m o stly  in  re sp o n se  to  s o i l  ty p e , in d ic a te d  to  him by th e  n a t iv e  v e g e ta tio n  

(s e e  Map 7 ) .  I t  i s  a p p a re n t th a t  th e re  i s  a d e f in i t e  r e la t io n s h ip  betw een 

th e  p a t te r n s  of s o i l s  and th e  d e t a i l s  o f  th e  geology in  th e  a re a . The 

main f e a tu r e s  o f th e  geology have been summarized in  C hap ter I I ,  and i t  

i s  shown th a t  lim e s to n e  now exposed a t  th e  su rfa c e  once was covered w ith
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younger s t r a t a  o f c la y  and sand o f which remnants rem ain on th e  u p la n d s . 

Over a l l  i s  th e  m an tle  o f r e s id u a l  m a te r ia l  which i s  th e  m a tr ix  f o r  th e  

fo rm a tio n  o f th e  s o i l s .  The n a t iv e  v e g e ta t io n  ty p e  i s  f r e q u e n t ly  u t i l i z e d  

to  d i s t in g u is h  s o i l  a r e a s ,  even a f t e r  th e  removal o f th e  v i r g in  g row th . 

R es id en ts  o f th e  s tu d y  a r e a  commonly u se  th e  term s "p in e  la n d ,"  "hammock 

l a n d ,"  o r  " p r a i r i e  l a n d ,"  as names f o r  s u b re g io n s . T his n om enc la tu re  i s  

employed h e re  to  em phasize m an's p o s i t io n  and view  o f th e  p h y s ic a l  m a trix  

o f h i s  en v iro n m en t. F or in s ta n c e ,  in  th e  v e r n a c u la r ,  a fa rm er comments 

" I  have m ost o f  my 'p r a i r i e  l a n d ' in  p a s tu r e ."  Thus th e  geographic su b - 

re g io n s  a re  d isc u sse d  h e re  as lan d  ty p es  r a th e r  th an  by geo lo g y , s o i l s ,  

v e g e ta t io n ,  and lan d  use s e p a r a te ly .  As a g eo g rap h er, t h i s  w r i t e r  em phasizes 

m an's p e rc e p tio n  o f and in t e r a c t io n  w ith  h i s  env ironm en t; th e re fo re  th e  

v e g e ta t iv e  term s f o r  la n d  ty p es  a re  used  h e r e ,  in  p re fe re n c e  to  th e  com­

p le x  spec trum  o f s o i l  v a r ia t io n s .

P in e  Land

The c h ie f  n a tu r a l  grow th in  th e  s tu d y  a re a  once was th e  lo n g le a f  

p in e ;  th e s e  lan d s  w ere r e f e r r e d  to  as e i t h e r  " r o l l in g  p in e  l a n d s ,"  o r  

" f la tw o o d s ."  The r o l l i n g  p in e  lan d s  a re  s l i g h t l y  u n d u la t in g , w e ll -d r a in e d  

la n d s  and can be su b d iv id e d  in to :  "open p in e ,"  "p in e  w ith  b la c k ja c k

u n d erg ro w th ,"  and "p in e  w ith  tu rk ey  oak un d erg ro w th ."  The open p in e  a re a s  

w ith  t a l l  lo n g le a f  p in e s  a re  a lm ost co m p lete ly  gone to d ay , and much o f 

t h i s  lan d  i s  now c ro p la n d , p a s tu r e s ,  o r  p la n te d  p in e s  (se e  F ig u re  9 ) .  

B la c k ja c k  oak ( Quercus m a rila n d ic u s  Muench.) s t i l l  abounds in  th e  d r i e s t  

o r  most b a r re n  a re a s  and th e  tu rk e y  oak (Q uercus la e v is  W a lt.)  predom inates
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youngi r  s t r a t a  o f c la y  and sand o f which rem nan ts, rem ain on th e  u p la n d s . 

Over a l l  i s  th e  m antle  o f  r e s id u a l  m a te r ia l  w hich i s  th e  m a tr ix  f o r  th e  

fo rm a tio n  o f th e  s o i l s .  The n a t iv e  v e g e ta t io n  ty p e  i s  f r e q u e n t ly  u t i l i z e d  

to  d i s t in g u is h  s o i l  a r e a s ,  even a f t e r  th e  rem oval o f th e  v i r g in  g row th . 

R e s id e n ts  o f th e  s tudy  a r e a  commonly use  th e  term s "p in e  la n d ,"  "hammock 

l a n d , '1 o r  " p r a i r ie  l a n d ,"  as names f o r  su b re g io n s . T h is  n o m en c la tu re  i s  

employed h e re  to  em phasize m an's p o s i t io n  and view  o f  th e  p h y s ic a l  m a tr ix  

o f  h i s  env ironm en t. F or in s ta n c e ,  in  th e  v e r n a c u la r ,  a  fa rm er comments 

" I  h a /e  most o f  my 'p r a i r i e  la n d ' in  p a s tu r e ."  Thus th e  geographic su b - 

re g io a s  a re  d isc u sse d  h e re  as lan d  ty p es  r a th e r  th an  by g eo lo g y , s o i l s ,  

v e g e ta t io n ,  and lan d  use  s e p a r a te ly .  As a  g eo g rap h er, t h i s  w r i t e r  em phasizes 

m an 's p e rc e p tio n  o f and in t e r a c t io n  w ith  h i s  en v ironm en t; th e r e f o r e  th e  

v e g e ta t iv e  term s fo r  la n d  ty p es  a re  used  h e r e ,  in  p re fe r e n c e  to  th e  com­

p le x  spectrum  o f s o i l  v a r ia t io n s .

P in e  l.and

The c h ie f  n a tu r a l  growth in  th e  s tu d y  a r e a  once was th e  lo n g le a f  

p in e ;  th e s e  la n d s  were r e f e r r e d  to  as  e i t h e r  " r o l l in g  p in e  l a n d s ,"  o r  

" f la tw o o d s ."  The r o l l i n g  p in e  la n d s  a re  s l i g h t l y  u n d u la t in g , w e ll -d r a in e d  

la n d s  and can be su b d iv id e d  in to :  "open p in e ,"  "p in e  w ith  b la c k ja c k

u n d e rg ro w th ," and "p in e  w ith  tu rk e y  oak u n d erg ro w th ."  The open p in e  a re a s  

w ith  t a l l  lo n g le a f  p in e s  a re  a lm ost co m p lete ly  gone to d a y , and much o f 

t h i s  lan d  i s  now c ro p la n d , p a s tu r e s ,  o r  p la n te d  p in e s  (s e e  F ig u re  9 ) .  

B la c k ja c k  oak ( Q uercus m tr i la n d lc u s  Muench.) s t i l l  abounds in  th e  d r i e s t  

o r  m ost b a r re n  a re a s  and th e  tu rk e y  oak (Quercus l a e v is  W a lt.)  gnedhininates
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on s o i l s  a  l i t t l e  f i n e r  (se e  F ig u re  1 0 ). The s o i l  in  th e  r o l l i n g  

p in e  la n d s  i s  m o stly  th ic k  sand w ith  m inor components of s i l t s  and c la y s .  

The h i l l s  o v e r l ie  an uneven lim e s to n e  s u r f a c e  w ith  s c a t t e r e d  la r g e  s in k ­

h o le s .  Sm all o u tc ro p s  o f f l i n t y  lim e s to n e  a re  p re s e n t  in  th e  s o i l s  and 

humus i s  s p a r s e  o r  e n t i r e ly  la c k in g  b ec au se  o f re p e a te d  f i r e s .  The 

gopher mouse o r  " sa la m a n d e r,11 a s  i t  i s  c a l le d  by th e  n a t iv e  F lo r id i a n s ,  

burrow s in to  th e  sandy dry  s o i l s ,  le a v in g  low mounds a fo o t  o r  more in  

d ia m e te r . Not on ly  does t h i s  h e lp  to  mix th e  s o i l ,  b u t  a ls o  en courages  

young p in e  s e e d lin g s  to  g e t  a b e t t e r  s t a r t  in  th e  f r e s h  mound. The b a re  

sand a l s o  o f f e r s  th e  v e ry  young t r e e  some p r o te c t io n  from f i r e .  When 

th e  t r e e  i s  o ld e r  i t  w ith s ta n d s  ground f i r e s  w e l l ,  and m ost m atu re t r e e s  

a re  b lac k en ed  a t  some tim e o r  o th e r  d u rin g  t h e i r  g row th .

Hammock Land

"Hammock" a s  a  v e g e ta t iv e  term  i s  a p p lie d  to  a r e a s  where th e  tim b e r

grow th i s  dense enough to  r e s u l t  in  th e  accum ulation  of l e a f  mold on th e  

12
s u r f a c e .  T here i s  a  w ide v a r ia t io n  o f v e g e ta t io n  ty p e s  and p l a n t  groups 

in  th e  makeup of d i f f e r e n t  hammocks, owing to  th e  v a r ia b le s  o f s o i l  and 

d ra in a g e  c o n d i t io n s .  Those h av in g  th e  p o o re r ,  sandy s o i l s  w i l l  have a  

h ig h e r  p e rc e n ta g e  of p in e s  th an  th o se  w ith  r i c h e r  s o i l s .  The r i c h e s t  

s o i l s  o f  a l l  w i l l  have la rg e  s ta n d s  o f f in e  hardwoods and a s s o c ia te d  

f l o r a ,  which g iv e  th e  hammocks t h e i r  wide ap p e a l to  fa rm er and n a t u r a l i s t  

a l i k e  (s e e  F ig u re  1 1 ).

W ith in  th e  hammocks th e re  i s  c o m p e titio n  f o r  dominance among th e  

hardw oods, and betw een th e  hardwoods and p in e s .  P in e s  do n o t  t o l e r a te  

th e  crow ding w hich r e s u l t s  from good grow th on n u t r i t i o u s  s o i l s ,  and
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hardwoods do no t t o l e r a t e  th e  f i r e s  to  which p in e s  a r e  r e s i s t a n t .  F ir e s  

a c ro s s  th e  lan d  have alw ays c o n tro l le d  th e  lan d sca p e  in  F lo r id a ,  and 

p in e s  q u ic k ly  re p la c e  hardwoods which have been bu rned  o u t .  Rocky o u t­

cro p s o r  w et s in k  a re a s  o f f e r  some f i r e  p r o te c t io n  to  f o r e s t  co v er.

Hardwood hammocks w i l l  slow ly  accum ulate l e a f  mold around t h e i r  b o u n d arie s  

by th e  s te a d y  dropp ing  o f le a v e s  in  th e s e  s u b - t r o p ic a l  c o n d it io n s  and 

th u s ,  by s o i l  en ric h m en t, slow ly  invade th e  su rro u n d in g  p in e la n d s .

The sandy s o i l s  o f m ost hammocks a r e  i n t e r n a l l y  w e ll -d r a in e d , w ith  

fr e q u e n t lim e s to n e  s in k s  and s in k h o le s .  R a in fa ll  f in d s  i t s  way to  th e  

s in k  a r e a s ,  where a lm o st no s u rf a c e  s trea m s e x i s t .  Where hammocks have 

been  c le a re d  o f f  fo r  c u l t i v a t i o n ,  th e  s u rfa c e  s o i l  v a r ie s  from  l i g h t  

b ro w n ish -g ra y , to  p a le  brown, to  y e llo w ish  g ra y ." ^  The d ep th  to  lim e­

s to n e  may v ary  g r e a t ly  from a  few in ch e s  to  many f e e t .  Most o f  th e s e  

s o i l s  a r e  p la n te d  to  co rn  and p e a n u ts , w ith  c o n s id e ra b le  tobacco  and 

w aterm elon  a c rea g e  a s  w e ll .  Even though th e  a r e a  s o i l s  a r e  n o t e s p e c ia l ly  

s u i ta b l e  f o r  co rn , i t  i s  grown e x te n s iv e ly  because  o f h o g - r a is in g  n ee d s .

P r a i r i e  Land

T his d e s ig n a tio n  in  F lo r id a  i s  a  s p e c ia l iz e d  u se  o f th e  term  ’̂ r a i r i ^ "  

b e in g  a p p l ie d  by th e  e a r ly  s e t t l e r s  to  lan d s a f f e c te d  by f re s h w a te r  i n ­

u n d a tio n . The numerous la k e s  and ponds o f  th e  s tu d y  a r e  a r e  a l l  sh allo w  

w ith  n e a r ly  f l a t  sh o re s . The s h o re lin e s  a re  s u b je c t  to  w ide f l u c tu a t io n  

w ith  th e  r a in y  c y c le s ,  som etimes b ein g  in u n d a te d , som etimes exposed .

Such a r e a s ,  as w e ll  a s  th e  s i l t e d - i n  beds of fo rm er la k e s ,  a r e  term ed 

14p r a i r i e  la n d . The beds o f form er la k e s  r e p re s e n t  e i t h e r  advanced s ta g e s
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o f e u tr o p h ic a t io n ,  o r la k e s  whose s e a le d - in  bottom s have become p u n c tu re d  

by n a t u r a l  c a u se s , a llo w in g  th e  w a te rs  to  d ra in  away in to  th e  u n d e r ly in g  

l im e s to n e . The huge P a y n e 's  P r a i r i e  in  A lachua County i s  a  w ell-know n 

example o f such a k a r s t  la k e  w hich e n te re d  a downdrawn cy c le  in  r e c e n t  

h i s t o r i c a l  tim e s , to  become g ra z in g  la n d .

The s o i l  o f th e se  la k e  m argins and o th e r  p r a i r i e s  in  th e  s tu d y  a r e a  

v a r ie s  from  r a th e r  s t e r i l e  sand to  p ea ty  sand m ix tu res  and o c c a s io n a l 

s i l i c i f i e d  l im e s to n e . The v e g e ta t io n  in  th e  d ee p er and more perm anent 

p o o ls  i s  e n t i r e ly  a q u a t ic ,  v, reas th e  o u te r  pond m argins can su p p o rt a 

few sm a ll t r e e s  and sh ru b s , and w h ile  th e se  two v e g e ta t io n  ty p e s  a re  v e ry  

d i f f e r e n t ,  th e re  a re  a l l  g ra d a tio n s  in  betw een. A ll t r e e l e s s  a r e a s ,  p e r ­

m anently  o r  p e r io d i c a l ly  in u n d a te d , a re  th e r e f o r e  in c lu d e d  un d er th e  de­

s ig n a t io n  o f p r a i r i e  l a n d s . ^  To t h i s  w r i t e r ,  th ey  re p re s e n t  one o f  th e  

more d i s t i n c t i v e  f e a tu r e s  s e p a ra t in g  F lo r id a 's  from o th e r  k a r s t  t e r r a n e s .

G enera l Land Use P a t te r n s

Land use in  th e  s tu d y  re g io n  has always undergone some changes, b u t  

a g r i c u l tu r a l  a r e a s  have rem ained f a i r l y  d e f in i t e  in  lo c a t io n .  The f i r s t  

la n d  u se  map o f th e  e n t i r e  U n ited  S ta te s  was made by F . J .  M arschner, an 

a g r i c u l tu r a l  econom ist w ith  th e  Bureau of Land E c o n o m ic s ,^  d u rin g  th e  

p e r io d  from 1945 to  1950. The c o m p ila tio n  s c a le  was 1 :1 ,0 0 0 ,0 0 0  w ith  a 

map p re p a re d  f o r  m ost s t a t e s  a t  t h a t  s c a le .  The f i n a l  more g e n e ra liz e d  

map was p u b lish e d  in  1950 a t  a  s c a le  o f 1 :5 ,0 0 0 ,0 0 0 . For th e  N a tio n a l 

A tla s  o f th e  U n ited  S ta te s  p u b lish e d  in  1971, J .  R. Anderson re v is e d  th e  

o r ig in a l  M arschner map f o r  p u b l ic a t io n  a t  a  s c a le  o f 1 :7 ,5 0 0 ,0 0 0 . He
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m ain ly  used  a e r i a l  p h o tography  (m osaics o f  c o n ta c t  p r i n t s ) , as w e ll  as 

some s t a t i s t i c a l  and o th e r  su rv e y s  to  make d e c is io n s  abou t lan d  u se s  

f o r  each s t a t e *  (se e  Map 8 ) .  The s tu d y  a r e a  f o r  w est c e n t r a l  F lo r id a  

i s  d e l in e a te d  as com b in atio n s  o f C ropland , F o re s t  Land, o r G razing 

Land, by l e t t e r s  C, F , and G— th e  o rd e r  and c a se  s ig n if y in g  th e  r e l a t i v e  

im portance  o f dom inant u s e s .  The s tu d y  a r e a  i s  c h ie f ly  d e s ig n a te d  as 

Cgf on th e  l im e s to n e  p l a i n s ,  w hich means t h a t  c ro p la n d  i s  th e  dom inant 

lan d  u se  i n  th e  B e ll-T re n to n -C h ie fla n d  a r e a  w ith  g ra z in g  and f o r e s t  

lan d  as seco n d ary  u s e s .  "F" ap p e ars  m ost f r e q u e n t ly  around th e  p e r ip h e ry ,  

som etimes in  com bination  w ith  " s "  m eaning swamp. The two lo b e s  o f  th e  

l im e s to n e  p l a in  can be see n  d i s t i n c t l y ;  e s p e c ia l ly  w e ll  d e f in e d  i s  th e  

B e ll-T re n to n -C h ie f la n d  e x t e n t .  T h is l o c a l i z a t io n  o f  la n d  u se s  co rresp o n d s 

to  a re a s  s im i l a r ly  d e l im ite d  on b o th  v e g e ta t io n  and s o i l  maps. S o il  

a s s o c ia t io n s  a r e  dependent upon geo lo g y ; n a tu r a l  v e g e ta t io n  i s  governed 

by s o i l s ;  la n d  u se  p a t t e r n s  seem to  o v e r l i e  v e g e ta t io n  t r a c t s .

When a g r i c u l tu r a l  a r e a s  w ere chosen fo r  more i n t e n s iv e  s tu d y  o f 

th e  im pact o f  k a r s t  f e a t u r e s ,  M a rsc h n e r 's  a r e a s  marked a s  cro p la n d  ( in  

com bination  w ith  o th e r  u s e s )  w ere used  as  a  b a se  fo r  sam pling  and ca se  

s tu d ie s .  From th e  n a tu r a l  g row th , th e  hammock lan d s  m ost o f te n  y i e ld  

to  c ro p s ;  wet p r a i r i e  la n d , even w ith in  a g r ic u l tu r a l  re g io n s ,  i s  l i t t l e  

changed; b u t p in e  la n d , depend ing  on economic c o n d i t io n s ,  h as  o f te n  

been  farm ed.

The e f f e c t  o f th e  l im e s to n e  topography  on a g r ic u l tu r e  can a l s o  be 

s e e n , though n o t so  d r a m a t ic a l ly ,  i n  ex am in a tio n  o f in d iv id u a l  fa rm scapes. 

On th e  ca se  s tu d y  fa rm s , s i z e  and arrangem ent o f  f i e l d s  som etimes in d ic a te

*James R. A nderson , C h ie f G eographer, U n ited  S ta te s  G e o lo g ic a l Survey.
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p re se n c e  o f k a r s t  f e a tu r e s .  D iv id in g  l i n e s  o r f i e l d  b o u n d arie s  may 

fo llo w  l i n e s  o f s in k h o le s ,  adding  an unwelcome problem  o f fe n c in g  to  

t h a t  o f  s in k s  and e r o s io n  (se e  F ig u re  1 2 ) .

The e f f e c t  o f  th e  k a r s t  t e r r a n e  on a g r ic u l tu r e  i s  t h a t  i t  i s  a 

l im i t i n g  f a c to r  on m an 's u se o f  th e  la n d . L ess freedom  o f  ch o ice  a t  

e v e ry tu m  i s  o f f e re d  th e  fa rm e r. The o r ig in a l  ch o ic e  f o r  s p e c if i c  u se  

f o r  s u b s i s te n c e ,  and l a t e r  th e  re sp o n se  to  economic fa c to r s ,  a re  alw ays 

in f lu e n c e d  by th e  " la y  of th e  la n d ."  In  th e  k a r s t  t e r r a n e  o f  th e  s tu d y  

a r e a ,  a g r ic u l tu r e  i s  p r a c t ic e d  on th e  lim e s to n e  p la in s  d e s p i te  th e  

l i m i t s  and h a z a rd s  o f  th e  la n d sc a p e .

The p a le  sandy s o i l s  a r e  o f  v a r ia b le  th ic k n e s s  and have been  sub­

j e c t  l o c a l l y  to  s e v e re  wind e r o s io n . They a r e  e x c e s s iv e ly  w e ll-d ra in e d  

(x e r ic )  because  o f  th e  p e rm e a b il i ty  o f th e  u n d e r ly in g  l im e s to n e , and 

when l e f t  w ith o u t c o v e r , th ey  can become se v e re ly  eroded  by w ind. A f te r  

th e  la n d  was c u t  o v er f o r  lum ber and su b se q u e n tly  c ropped , th e  problem  

o f  b low ing  in  th e  1930 ' s  was so d r a s t i c  in  lo c a l  a re a s  t h a t  th e  a r e a  

betw een High S p rin g s and Newberry was compared to  th e  d u s t  bowl o f  th e  

G reat P l a i n s . ^  The problem  was somewhat a l l e v i a te d  by th e  in t r o d u c t io n  

o f  P e n sa c o la  B ahia g ra s s  in  th e  l a t e  1 9 4 0 's . ^  O th er s o lu tio n s  w ere t r i e d  

a l s o ,  such a s  w indbreaks o f p la n te d  p in e s  a long  highways and fen ce  row s. 

The s t r i p s  o f  g re e  a r e  an a t t r a c t i v e  a d d i t io n  to  th e  lan d sca p e  to d ay .

I n  th e  w hole o f th e  s tu d y  a re a  th e  p ro p o r tio n  o f la n d  in  c ro p la n d ,

f o r e s t s ,  and p a s tu r e  i s  app ro x im a te ly  3 :3 :2 .  S o il  C o n serv a tio n  S e rv ic e

sam ples chosen  i n  a g r i c u l tu r a l  la n d s  i n  1966 showed 3 7 ,3 6 , and 23 p e r c e n t ,  

19r e s p e c t iv e ly .  F o re s ts  p redom ina te  i n  D ix ie  County and c o a s ta l  a r e a s  as
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w e ll  a s  in  th e  r i v e r  v a l le y s  and p o co s in  swamps. C ropland p redom ina tes 

in  th e  l im e s to n e  p l a i n s ,  b u t  b o th  p la n te d  p in e s  and improved p a s tu re  a re  

becoming in c r e a s in g ly  im p o rta n t . C hief crops v a ry  through  th e  a r e a  gen­

e r a l l y ,  w ith  tobacco  b r in g in g  in  more money and u s in g  l e s s  lan d  th a n  o th e r  

c ro p s . The a llo tm e n t system  keeps th e  ac re a g e  s m a ll , b u t  th e  y ie ld s  a re  

h ig h  b ecau se  o f  th e  i n te n s iv e  methods employed. S o il  a r e a s  unmarked by 

s in k h o le s  o r  o u tc ro p s  a re  chosen  fo r  to b ac co , and i r r i g a t i o n  i s  e x te n s iv e ly  

em ployed. P ean u ts  a r e  im p o rta n t e s p e c ia l ly  in  Levy County and a re  grown 

s c i e n t i f i c a l l y  in  th e  sandy s o i l s  o f form er p in e  la n d s .  Com i s  u b iq u ito u s  

and i s  m o s tly  used  f o r  fe e d . Sweet c o rn , m elons, and v e g e ta b le s  a r e  grown 

anywhere i n  th e  a r e a .  C it r u s  i s  im p o rtan t in  th e  sou thernm ost c o u n tie s  of 

th e  s tu d y  a r e a — C it r u s ,  Sum ter, and M arion. Each y e a r  more lan d  i s  used  

f o r  p a s tu r e  as  c a t t l e  r a i s in g  becomes more d e s i r a b le .

S in k h o le s  a r e  s c a t t e r e d  th ro u g h  th e  c ro p la n d  and p a s tu re s  on a lm ost 

ev e ry  fa rm . U su a lly  th o s e  in  p a s tu re s  t h a t  have p r e c ip i to u s  s lo p e s  a r e  

fenced  o r  f i l l e d .  Deep sandy s o i l s  mask sm all su b su rfa c e  p ip e s  and w e lls  

by s l id in g  and f i l l i n g  th e  h o le  by g r a v i ty  and w ash ing . Shallow  s o i l s  

expose rocky  o u tc ro p s  and w e ll -d e f in e d  s in k s .

S in k h o le  D e n s ity  and Land Use

Very few a tte m p ts  have been  made to  count s in k h o le s  to  e s t a b l i s h  

d e n s i ty  r a t i o s .  The in t r o d u c to ry  c h a p te r  d e s c r ib e s  th e  e x te n t  o f p re v io u s  

in v e s t i g a t io n s .  At t h e  p re s e n t  tim e no coun ts have been made o f  s in k h o le s  

of F lo r id a  u n t i l  th e  p re s e n t  re s e a rc h  was u n d erta k en  in  la n d  u se  f o r  

a g r ic u l tu r e .  S e v e ra l  te c h n iq u e s  were employed by th e  w r i t e r  to  re a c h
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c e r t a in  c o n c lu s io n s . A l a r g e  m osaic was assem bled  from  a l t e r n a t e  a i r  

p h o to g rap h s , s in k h o le s  w ere lo c a te d  w ith  s te re o s c o p e  and m agn ify ing  g l a s s ,  

and lo c a t io n s  p l o t te d  on an  o v e r la y  map (se e  Map 6 i n  C hap ter I I I ) . The 

a r e a  s e le c te d  was chosen  becau se  i t  i s  a  m ajo r a g r ic u l tu r a l  a r e a  lo c a te d  

on th e  B e ll-T re n to n -C h ie f la n d  L im estone P la in .  S in k h o le  d e n s i ty  o ver 

th e  w hole p l a in  i s  e s t im a te d  to  be  abou t 4 p e r  sq u are  m ile , o r  abou t one 

s in k h o le  f o r  ev ery  160 a c r e s .  T h is  e s t im a te  i s  p ro b a b ly  low r a th e r  th a n  

h ig h  becau se  in  f o r e s te d  a r e a s  many s in k h o le s  were obscu red  a s  w e ll  a s  was 

any e x i s t i n g  o r i e n t a t i o n .  A lso i t  m ust b e  remembered t h a t  m ost o f th e  

s in k h o le s  sm a l le r  th a n  f i v e  f e e t  i n  d ia m e te r  could  n o t  be co u n te d . T here 

i s  a  d e f in i t e  c lu s t e r in g  p a t t e r n  i n  some a r e a s  of open la n d . No c lu s t e r in g  

co u ld  be  seen  i n  f o r e s t  la n d . The h ig h e s t  d e n s i ty  i n  any sq u a re  m ile  i s  

25, and th e r e  a r e  a  number o f sq u a re -m ile  a r e a s  t h a t  do n o t have  any s in k ­

h o le s .  One ad v a n tag e  to  t h i s  ty p e  o f  coun t i s  t h a t  p a t te r n s  and lo n g i­

tu d in a l  tre n d s  i n  p lacem en t co u ld  be  d is c e r n e d . T here i s  o r i e n t a t i o n  in  

a  n o r th e r w e s t- s o u th e a s t  d i r e c t io n  as  w e ll  a s  n o r th - s o u th  and e a s t- w e s t  

s t r i k e s .  T h is  o r i e n t a t i o n  as  w e ll  a s  th e  c lu s te r in g  r e f l e c t  th e  p a t te r n  

o f j o i n t s  i n  th e  lim e s to n e  d i r e c t l y  b e n e a th  th e  s u r f a c e .  D if fe re n c e s  in  

th ic k n e s s  o f  ov erb u rd en  d o u b t le s s  in f lu e n c e d  th e  s u r f i c i a l  e x p re s s io n .

T here w ere few er h o le s  a lo n g  th e  p e r ip h e ry  o f  th e  p l a i n  where a l l u v i a l  

d e p o s i ts  and co n tin u o u s  f o r e s t s  o c c u r.

A nother to o l  f o r  en um eration  o f  s in k h o le s  in  a g r i c u l tu r a l  la n d s  i s  

th e  to p o g ra p h ic  map. S e le c te d  a r e a s  w ere co u n ted , c a l l i n g  a  c lo s e d  con­

to u r  w ith  h ac h u res  a s  a  s in k .  A veraging  c o u n ts  o f th e  s e v e ra l  to p o g ra p h ic  

q u ad ran g le  maps o f  th e  B e ll-T re n to n -C h ie f la n d  L im estone P la in  showed about
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24 s in k s  p e r  sq u a re  m ile . T his f i g u r e  o f  one s in k h o le  fo r  each 27 a c re s

i s  a  much h ig h e r  f ig u r e  th a n  computed from th e  a e r i a l  m osaic. A nother

map used f o r  a p a r t i a l  en um eration  was th e  A lachua County S o il  Map w ith  
20

s in k h o le s  i d e n t i f i e d .  The h ig h e s t  d e n s i ty ,  22 p e r  sq u are  m ile , o cc u rre d  

in  sandy s o i l s  n e a r  High S p rin g s . The s in k h o le s  a r e  s c a t te r e d  in  a  

n o r th w e s t- s o u th e a s t  o r i e n t a t i o n  a p p a re n tly  i r r e s p e c t iv e  o f d i f f e re n c e s  in  

s o i l  ty p e  in  th e  l im e s to n e  p l a in  o f  w e s te rn  A lachua County.

F ie ld  re c o n n a is sa n c e  by th e  w r i t e r  proved b o th  coun ts  to  be l e s s  

th an  a c tu a l  numbers by a f a c to r  o f  up to  50 p e r c e n t .  A c tu a l f i e l d  ob­

s e r v a t io n  was th e  o n ly  method f e a s ib l e  fo r  co u n tin g  o u tc ro p s  ex c ep t in  

th e  sam ple a r e a s  covered  by th e  C o n serv a tio n  Needs In v e n to ry , w hich y ie ld e d  

f a i r l y  a c c u ra te  d a ta  on k a r s t  f e a tu r e s .  These co u n ts  were a c tu a l ly  made

i n  th e  f i e l d ,  how ever, and re c o rd e d  on pho to s  by s o i l  s c i e n t i s t s .

The S o il  and W ater C o n serv a tio n  Needs In v e n to ry  f o r  F lo r id a  was 

developed  a s  p a r t  o f  th e  N a tio n a l In v e n to ry  f o r  th e  50 s t a t e s .  The p u r­

pose  was to  p ro v id e  in fo rm a tio n  f o r  f e d e r a l  d ep a rtm en ts  and o th e r  ag e n c ie s  

to  u se  in  program s f o r  r e s o u rc e  c o n s e rv a tio n . The f i r s t  N a tio n a l In v e n to ry  

was c a r r ie d  o u t i n  1958 and u p dated  in  1966. I t s  p u rp o se s  in c lu d e  e s t i ­

m ates o f a c re a g e  in  each la n d  u se  and tre a tm e n t needs f o r  th a t  u se . Land

u se s  a r e  d e f in e d  as  fo llo w s :

C rop land—Land b ein g  u sed  f o r  f i e l d  c ro p s , t i l l a g e  r o t a t i o n ,  o r­

ch a rd s  and g o v es, te m p o ra r i ly  i d l e  la n d , and open la n d  fo rm erly  cropped .

P a s tu r e —Lands p ro d u c in g  fo ra g e  p l a n t s ,  p r in c ip a l ly  in tro d u c e d  

s p e c ie s ,  f o r  an im al consum ption .
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F o r e s t—Land a t  l e a s t  10 p e r c e n t  s to ck ed  by f o r e s t  t r e e s  o f  any 

s i z e  and n o t c u r r e n t ly  developed  f o r  a n o n fo re s t  u se .

O ther la n d —The co n cep t was changed betw een in v e n to r ie s .  The 1958 

in v e n to ry  in c lu d e d  most i d l e  la n d  in  t h i s  c a te g o ry . The u p d a tin g  shows 

m ost o f  t h i s  i n  o th e r  u s e s . T h is i s  land  w hich i s  n o t c ro p la n d , p a s tu re ,  

o r  f o r e s t  la n d  and in c lu d e s  s t r i p  m in es , borrow  and g ra v e l p i t s .

I n  th e  p ro c e s s  o f  in v e n to ry ,  th e  su rv e y o rs  w ere d ir e c te d  to  make 

n o te  o f  s in k h o le s ,  o u tc ro p s ,  wet s p o ts ,  and m isc e lla n e o u s  k a r s t  f e a tu r e s ,  

to  s e rv e  a s  a d d i t io n a l  in fo rm a tio n  to  th e  p rim ary  p u rp o se s  o f th e  in v e n to ry . 

The u p d a tin g  in  1966 re-exam ined  th e  same sam ple a r e a s  as w ere s tu d ie d  in  

1958. Randomized sam ples were s e le c te d  by th e  s t a t i s t i c a l  l a b o ra to ry  a t  

Iowa S ta te  U n iv e r s i ty ,  and th e  sam ple u n i t s  were lo c a te d  on county maps.

The s ta n d a rd  s i z e  o f  th e  sam ple u n i t  was 160 a c re s .  The b a s ic  sam pling 

r a t e  was 2 p e rc e n t i n  a county o r  o th e r  a r e a  o f 250,000 to  500,000 a c re s .

The s tu d y  a r e a  in  th e  lim e s to n e  p l a in s  sums to  more th a n  400,000 a c re s ,  

p ro v id in g  d a ta  o f  an  a c c e p ta b le  d eg ree  o f  r e l i a b i l i t y .  The in t e n t  was to  

coun ty  s in k h o le s  and o th e r  k a r s t  f e a tu r e s  in  la n d  u se  ty p es  (se e  Map 9 ) .

An a d d i t io n a l  experim en t was in te n d e d  to  p ro v id e  d a ta  on k a r s t  f e a tu r e s  

f o r  la n d s  o f  v a r io u s  s o i l  ty p e s .

I n  u p d a tin g  th e  In v e n to ry , a  d i f f e r e n t  system  was used  f o r  ob­

t a in in g  more d a ta  from th e  sam ple a r e a s .  Each sam ple a r e a  was marked w ith  

random p o in ts  (36 p o in ts  p e r  160 a c re  sam ple a r e a )  a t  which tim e a re c o rd  

was made o f  c o n d it io n s  e x i s t i n g  a t  th e  s i t e  o f  each  p o in t .  A tem p la te  

was spun to  g iv e  random o r i e n t a t i o n  to  th e  p o in ts  and v a r ie d  th e  number 

f a l l i n g  in th e  sam ple from  32 to  38 . Land u se  d e te rm in a tio n s  a t  each
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:d a g r i c u l t u r a l  a r e a s
TH INSETS OF SAMPLE AREAS

Alachu a

I Arche

Will is ton

of Sample Plots

Conservation Needs inventory

EFA 72
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d e s ig n a te d  p o in t  w ere in  te rm s  o f th e  f i e l d  in  w hich th e  p o in t  f e l l .  

T h e re fo re , one p o in t  c o u ld  be  i n t e r p r e t e d  as r e p r e s e n ta t iv e  of la n d  

u se  of 4 .4  a c re s .

F i f t y - f i v e  sam ples f e l l  i n  th e  s e le c te d  a g r i c u l tu r a l  a r e a s  o f  th e  

l im e s to n e  p la in s  w hich encompass B e ll-T re n to n -C h ie f la n d  and High S p rin g s -  

W ill is to n -R e d d ic k . Every s t a t i s t i c a l  t re a tm e n t c o n s id e re d  to  p rove  v a l id  

was e x e cu ted  w ith  th e  sam ple p l o t s .  The r e s u l t s  have p ro v id ed  s in k h o le  

co u n ts  g e n e r a l ly ,  a s  w e ll  as co u n ts  c a te g ro iz e d  by la n d  u s e .

T hese sam ples t o t a l  8 ,8 0 0  a c r e s ,  o r  more th a n  th e  2 p e rc e n t re q u ire d  

f o r  v a l i d i t y .  R e s u l ts  a r e  shown in  th e  p a rag ra p h s  which fo llo w  as  p e r ­

c e n ta g e s  o f  lan d  e s tim a te d  to  be i n  a  p a r t i c u l a r  la n d  u se  and s o i l  

a s s o c ia t io n  c a te g o ry .

C ro p lan d : The p e r c e n t  o f  la n d  i n  th e  s e le c te d  a g r ic u l tu r a l  a re a s

th a t  was used  f o r  c ro p la n d  i n  1958 was 37 p e rc e n t and i t  rem ained a t  

t h i s  p ro p o r tio n  in  1966. Of th e  t o t a l  i n  c ro p la n d , more th a n  f o u r - f i f t h s  

was on Jo n e sv il le -C h ie fla n d -H e rn a n d o  s o i l s  (numbers 4 and 9 on th e  s o i l  

map) d e s p i te  th e  f a c t  t h a t  th e  in c id e n c e  o f  s in k h o le s  was ex trem ely  h ig h . 

C ropland co u n ts  y ie ld e d :  one s in k h o le  p e r  35 a c r e s ,  one o u tc ro p  p e r  54

a c r e s ,  and one " o th e r"  k a r s t  f e a tu r e  (w et s p o t ,  k a r s t  pond, q u a r ry , e t c . )  

p e r  295 a c r e s .  The a v e rag e  i s  one k a r s t  f e a tu r e  f o r  each  20 a c re s  i n  

c ro p la n d , which f a c t  in d i c a t e s  t h a t  fa rm ers  do n o t a v o id  c ropp ing  la n d s  

w ith  s in k h o le s  i f  th e  la n d s  a r e  o th e r  w ise  s u i ta b l e .

F o r e s t : T h i r ty - th r e e  p e r c e n t  o f  th e  t o t a l  la n d  a r e a  was used  f o r

f o r e s t  in  1958 and 36 p e r c e n t  i n  1966. The l a r g e s t  amount o f  t h i s  f o r e s t  

was on L a k e la n d -E u s tis -H ig h  B la n to n  s o i l s  (number 3) w ith  few s in k h o le s
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co u n te d . Next h ig h e s t  coun t i s  on J o n e sv ille -C h ie fla n d -H e rn a n d o  s o i l s  which 

have many k a r s t  f e a tu r e s .  F o re s t  la n d  coun ts  show: one s in k h o le  p e r

56 a c re s ,  one o u tc ro p  p e r  22 a c r e s ,  and one " o th e r"  p e r  50 a c re s .  The 

av erag e  i s  one k a r s t  f e a tu r e  f o r  ev e ry  12 a c re s  o f  f o r e s t  la n d . T h is 

h ig h  d e n s i ty  was n o t p e r c e p t ib le  from s tu d y  o f th e  s t e r e o - p a i r s .  I t  

may in d i c a t e  some lan d  use changes from  o th e r  u s e s .

P a s tu r e : The p ro p o r tio n s  o f la n d  in  p a s tu re  ro se  from 16 p e rc e n t

in  1958 to  23 p e rc e n t in  1966. L a rg e s t  amounts o f p a s tu re  a re  found on 

Jo n e sv il le -C h ie fla n d -H e m a n d o  and on A rredondo-Z uber-Fe llow sh ip  s o i l s  

(num bers 5 and 8 ) .  H ig h es t in c id e n c e  o f s in k h o le s  in  p a s tu re  lan d  i s  

on s o i l  g roup ing  5 - 8 .  In  la n d  used  f o r  p a s tu r e ,  th e re  i s  one s in k ­

h o le  p e r  51 a c r e s ,  one o u tc ro p  p e r  9 a c r e s ,  and one o th e r  " k a r s t "  f e a tu r e  

p e r  63 a c r e s .  When th e  t o t a l  number o f  th e s e  f e a tu r e s  i s  d iv id ed  in to  

th e  t o t a l  ac rea g e  in v o lv e d , an av erag e  o f one f e a tu r e  p e r  7 a c re s  r e s u l t s .  

T h is  i s  th e  h ig h e s t  in c id e n c e  re co rd e d  in  the  su rv e y . In fo rm atio n  d e riv e d  

from  th e  ca se  s tu d y  in te rv ie w s  su g g e s ts  t h a t  c ro p la n d  s in k h o le s  a re  

t r e a t e d  by p u sh ing  i n ,  w hereas no such e f f o r t  i s  e x e r te d  in  p a s tu re  a r e a s ,  

s in c e  m ech an ica l equipm ent i s  u sed  much l e s s  f r e q u e n t ly  on p a s tu re la n d .

The CNI count in c lu d e d  a  c a te g o ry  la b e l l e d  " id le  and o th e r  la n d s ."

The c h ie f  use o f  t h i s  c a te g o ry  i s  to  b ase  a l l  ac rea g e  f ig u r e s  on 100 

p e r c e n t .  The sm all amounts o f  la n d  in v o lv ed  p re c lu d e  draw ing any r e ­

l e v a n t  c o n c lu s io n s  from  t h i s  " f i l l e r "  e le m e n t.

Land Use and S o il  Type

An a tte m p t was made to  compare la n d  u se  and s o i l  ty p es  to  de te rm ine  

w he ther th e re  was any p re fe r e n c e  o r  la c k  o f  p re fe re n c e  f o r  u s in g  s o i l s
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w it  h k a r s t  in f lu e n c e s .  The f i r s t  s te p  was to  c a l c u l a t e  w hat p e rc e n t o f  

t o t a l  lan d  was in  each  s o i l  g ro u p in g . S o ils  w ith  s im i la r  p r o p e r t ie s  w ere 

grouped to  s im p l i fy  r e s u l t s .  (See f i r s t  p a r t  o f  T able 5 .)  T h is  p o r t io n  

o f  th e  t a b l e  r e l a t e s  th e  d e n s i ty  o f  counted  k a r s t  f e a tu r e s  to  s o i l  a s s o ­

c i a t i o n .  The second p a r t  o f  th e  t a b l e  g iv e s  th e  p e rc e n t o f  lan d  in  each  

lan d  u s e , a l s o  by th e  s o i l  a s s o c ia t io n s  numbered and named on th e  t a b l e .

A s s o c ia tio n  3 shows a  d is p r o p o r t io n a te ly  low d e n s ity  o f  k a r s t  

f e a tu r e s ,  w hich th e  w r i t e r  b e l ie v e s  may be  a t t r i b u t e d  to  th e  deep san d s 

c h a r a c t e r i s t i c  o f  t h i s  a s s o c ia t io n ,  w hich f i l l  in  su b sid en ce  e v e n ts  and 

mask t h e i r  s u r f a c e  e x p r e s s io n s .  T here a r e  more a c tu a l  coun ted  f e a tu r e s  

on th e  Jo n e sv il le -C h ie fla n d -H e m a n d o  s o i l s  (numbers 4 and 9) because  

more o f  th e  la n d  i s  in  t h i s  s o i l  a s s o c ia t io n  th a n  any o th e r .  The 

l a r g e s t  p e rc e n t o f th e  lan d  c l a s s i f i e d  as  c ro p la n d  i s  a ls o  i n  t h i s  

a s s o c ia t io n .  S o ils  4 -9  d i r e c t l y  o v e r l ie  l im e s to n e , and su b s id en ce  i s  

common. S o ils  5 -8  acco u n t fo r  abou t o n e - s ix th  o f  th e  la n d  and more th a n  

o n e - fo u r th  o f  th e  co u n ted  k a r s t  f e a tu r e s .  T hese a r e  m o stly  hammock la n d s ,  

f e r t i l e ,  and in f lu e n c e d  by th e  su b su rfa c e  p a l e o - k a r s t  c o n d it io n s  re sp o n ­

s i b l e  f o r  th e  o r ig in  o f  th e  c a lc a re o u s  hammock s o i l s  in  th e  f i r s t  

in s ta n c e .  The l a s t  two c a te g o r ie s  in  T ab le  5 do n o t r e q u ir e  comment.

Land Use— S o il  Type C o r re la t io n

I n  a d d i t io n  to  th e  t a b u la r  m a tr ix  o f d a ta  re co rd e d  in  T ab le  5 , a 

s t a t i s t i c a l  problem  was proposed  to  examine l e s s  obvious id io s y n c r a c i e s . 

U sing fo u r lan d  u ses  and f iv e  s o i l  a s s o c ia t io n s ,  an a n a ly s i s  o f k a r s t  

f e a tu r e s  in  each  o f tw en ty  c a te g o r ie s  was a tte m p te d . (See A ppendix I . )
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T ab le  5 R e la t iv e  P r o p o r t io n  o f K a rs t  Count to  T o ta l  Land and 
P e r  C ent o f  Land i n  Each U se, by S o i l  A s s o c ia t io n s ,  1966

Number on Names o f
C ounted K a rs t T o ta l  Land C rop land F o re s t P a s tu re I d l e

S o i l  Map (Map 4) P r i n c i p a l  S o il s p e r c e n t p e r c e n t p e r c e n t p e r c e n t p e r c e n t p e r c e n t

3 L ak e lan d
E u s t i s
H igh B la n to n

2 17 4 11 1 1

4 - 9 J o n e s v i l l e
C h ie f la n d
H ernando

58 52 29 9 7 7

5 - 8 A rrendondo
Z uber
F e llo w sh ip

27 17 4 6 5 2

12 Kanapaha 
Low B la n to n  
K le j

5 5 1 3 1 0

'

A ll
o th e r
a s s o c ia t io n s

8 9 1 4 0 4

T o ta ls 100 100 39 33 14 14

100%

S o u rce : A b b o tt, d ev e lo p ed  from  sam ple p l o t  p h o to s  and com prehensive  r e p o r t s  in
C o n se rv a tio n  Needs I n v e n to r y ,  1958 and 1966.
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F i f ty - f i v e  pho to s  w ere used  a s  th e  b a s i s  f o r  a sam pling  c o u n t, each 

co v e rin g  160 a c re s  on th e  B e ll-T re n to n -C h e if la n d  lim e s to n e  p l a i n .  I t  

was d ec id ed  f i r s t  to  compare a l l  lan d  u se  c a te g o r ie s  d is re g a rd in g  s o i l  

ty p e s  and th e n  to  compare a l l  s o i l  ty p e s  d i s re g a rd in g  la n d  u s e . The 

u l t im a te  p u rpose  was to  a s c e r t a in  numbers o f k a r s t  f e a tu r e s  p e r  land  

u se — s o i l  ty p e  c a te g o ry . (See Appendix I . )

The r e s u l t s  s u g g e s t  to  t h i s  s tu d e n t  t h a t  t r u e  numbers o f f e a tu r e s  

i n  c ro p la n d  and i d l e  lan d  w ere l e s s  r e la t e d  to  s o i l  ty p e  th a n  th o s e  in  

f o r e s t  lan d  o r  p a s tu re  la n d . O r, p u t a n o th e r  way, i f  la n d  i s  p e rc e iv e d  

a s  c ro p la n d , i t  w i l l  b e  used  a s  c ro p la n d , d e s p i te  i t s  k a r s t  f e a tu r e s .

T here  was a l s o  c l e a r  ev id e n ce  t h a t  s o i l s  o f  group 3 were l e a s t  a f fe c te d  

by lan d  u se— s o i l  ty p e  c o r r e l a t i o n .

S o i l  P ro d u c t iv i ty

The p re s e n t  c o n d i t io n  o f th e  s o i l  i s  th e  r e s u l t  o f  c o n tin u o u s a c t io n  

o f  c u l t u r a l  in f lu e n c e s  and p h y s ic a l  f a c t o r s .  No doubt s o i l  s t r u c tu r e  and 

c o m p o sitio n  r e f l e c t  t h e  p re se n c e  o r  ab se n ce  o f l im e s to n e  n e a r  th e  s u r ­

f a c e .  D rainage  f a c to r s  and su b seq u en t e r o s io n  damage a ls o  i n d i c a t e  sub­

s u r f a c e  g eo logy .

The a c tu a l  p ro d u c t iv i ty  o f  th e  s o i l  i s  b e s t  judged  by ex am ina tion  o f 

crop  y ie ld s  under c e r t a i n  c o n d i t io n s .  P ro d u c tio n  d a ta  f o r  th e  G eo rg ia- 

F lo r id a  p h y s io g ra p h ic  a re a  w ere s e le c te d  a s  a  b ro a d  b a s i s  f o r  com parison. 

T hese d a ta  w ere p u b lish e d  by th e  U. S. S tudy  Commission f o r  th e  S o u th e as t 

R iv e r  B asins  in  1961, and in d i c a t e  av e rag e  y ie ld s  computed a n n u a lly  o v er 

a  3 5 -y e ar p e r io d  f o r  c rops grown in  th e  C o a s ta l  P la in  P h y s io g ra p h ic  

P ro v in c e . The f ig u r e s  w ere a d ju s te d  to  acco u n t f o r  ex trem es in flu e n c e d
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by c l im a te ,  e t c . ,  hence a re  "n o rm a liz e d ."  As su ch , th ey  may be  used  f o r  

com parison a g a in s t  f ig u r e s  f o r  any g iv en  in d iv id u a l  y e a r ,  such  as  census 

y e a r s ,  f o r  exam ple. T able 6 l i s t s  c rops s e le c te d  as  common to  b o th  th e  

w est c e n t r a l  F lo r id a  c o u n tie s  and th e  C o a s ta l P la in .

For th e  s tu d y  a r e a ,  av e rag e  y ie ld s  computed f o r  G i l c h r i s t  and Levy 

C o u n tie s , as com piled by th e  Census o f  A g r ic u ltu r e , 1964, in d i c a t e  th e  

c o m p a rativ e  p r o d u c tiv i ty  o f th e  lim e s to n e  p l a in .  (See T ab les  7 and 8 .)  

These c o u n tie s  w ere chosen  a s  r e p r e s e n ta t iv e  because  most o f  t h e i r  fa rm ing  

a r e a s  a r e  i n  th e  l im e s to n e  p l a in  chosen  f o r  sam pling .

A d d itio n a l  in fo rm a tio n  g iv en  in  T ab le  6 shows p o s s ib le  y ie ld s  
21

u n d er v a r io u s  management p r a c t i c e s .  Group A in c lu d e s  fa rm e rs  who use 

a v e rag e  to  below  av e rag e  management p r a c t i c e s  fo r  seedbed  p r e p a r a t io n ,  

f e r t i l i z a t i o n ,  seed  s e l e c t io n ,  c u l t i v a t i o n ,  and u se  o f  p e s t i c i d e s .

Most o f th e  fa rm ers  i n  G i l c h r i s t  and Levy C oun ties  a r e  c o n s id e re d  to  

conform  to  Group A c r i t e r i a .  Group B makes f u l l  u se  o f a l l  a p p l ic a b le  

recommended management p r a c t i c e s  ex c ep t i r r i g a t i o n .  Only a  few fa rm ers  

p r a c t i c e  i r r i g a t i o n  in  th e  s tu d y  a r e a ,  tobacco  and t ru c k  cro p s b ein g  

m ost a f f e c t e d .  Management Group C encom passes a l l  c r i t e r i a  f o r  Groups 

A and B p lu s  i r r i g a t i o n .  T h is  f a c to r  g iv e s  Group C v ery  h ig h  y ie ld  

e s t im a te s  w hich a f f e c t  th e  summarized f ig u r e  f o r  "A ll L e v e ls ."  T h is 

f i g u r e  i s  a  w e igh ted  a v e ra g e , computed by u se  o f  p e rc e n ta g e s  o f  lan d  

in  each  management l e v e l  g roup. Thus, th e  ta b l e s  show th e  l im e s to n e  

p l a i n  to  be p ro duc ing  c lo s e  to  av e rag e  y ie ld s  f o r  c o rn , somewhat low er 

t h a n  av e rag e  f o r  tobacco  p ro d u c tio n , and m o d era te ly  h ig h  y i e ld s  fo r  

p ea n u t crop  p ro d u c tio n .

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T ab le  6 N orm alized Average Y ie ld s  fo r  35-Y ear P e rio d : C o a s ta l
P la in  P h y s io g rap h ic  Area

E n te r p r i s e
U nit 

P e r Acre
Management 
A B

L evels 
__C_

A ll L evels 
(w t'd  avg)

Com b u sh e ls 20 40 58 25

Tobacco -
f lu e - c u re d pounds 850 1516 1836 1379

P ean u ts pounds 759 2135 2523 1046

Hay: C o a s ta l  
Bermuda to n s 2.12 4 .3 4 5 .69 2 .60

A ll  o th e r to n s 1 .22 2 .50 3 .28 1.50

* L eve l A: Average Management P r a c tic e s

L evel B: Improved Management P r a c tic e s  
w ith o u t i r r i g a t i o n .

L evel C: Improved Management P r a c t ic e s  
p lu s  i r r i g a t i o n .

S ource: U. S. S tudy  Commission, S o u th e as t R iv e r B a s in s , 1961.

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T ab le  7 S e le c te d  Crop Y ie ld s  Computed f o r  G i l c h r i s t  County-

E n te r p r is e
U nit 

P e r  Acre 1954 1959 1964

Corn b u sh e ls 14 25 27

Tobacco -  
f lu e - c u re d pounds 998 1151 1442

P ean u ts pounds 767 820 1197

Hay: C o a s ta l  
Bermuda to n s NA NA 2.22

A ll  o th e r to n s .94 1 .3 .76

S ource; Census o f A g r ic u l tu r e , 1954, 1959 and 1964

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T ab le 8 S e le c te d  Crop Y ie ld s  Computed f o r  Levy County

E n te r p r is e
U nit 

P e r Acre 1954 1959 1964

Com b u sh e ls 15 21 26

Tobacco -
f lu e - c u re d pounds 991 1031 1295

P eanu ts pounds 636 912 1502

Hay: C o as ta l 
Bermuda to n s NA NA 2.31

A ll  o th e r to n s .91 1.32 .76

S ource: Census o f A g r ic u ltu r e ,  1954, 1959 and 1964

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .



The s o i l s  o f  th e  a g r ic u l tu r a l  a re a  may be c o n s id e re d  a ls o  and 

have been grouped f o r  t h i s  p u rp o se . In fo rm atio n  a v a i la b le  i n d ic a te s  

th a t  no s i g n i f i c a n t  d i f f e r e n c e s  p r e v a i l  in  average y ie ld s  f o r  a g iven  

s o i l  group by r i v e r  b a s in s  w i th in  a  p h y s io g ra p h ic  area.^O  T h e re fo re , 

d a ta  f o r  th e  Suwannee R iv e r B asin  s o i l s  a r e  c o n s id e re d  to  be f a i r l y  

a c c u ra te  m easures o f a r e a  s o i l  p r o d u c t iv i ty  (s e e  T able 9 ) .  H ig h est 

y ie ld s  in  th e  b a s in  a r e a s  f o r  corn  a re  i n  s o i l  g roup ing  5 - 8  (which 

once was m o stly  h ig h  hammock l a n d ) . These a re  th e  c a lc a re o u s  hammock 

s o i l s  t y p i c a l ly  o f th e  Z u b er-F ello w sh ip  A s s o c ia tio n . Lowest y ie ld s  

a r e  i n  th e  a r e a s  o f H e rn ando-C h iefland  s o i l s  w hich a re  a lm o st d i r e c t ly  

o v e r ly in g  l im e s to n e  and a re  l o c a l l y  e roded  and som etimes wind blow n.

Tobacco y ie ld s  ap p e ar h ig h e s t  i n  th e  sandy s o i l s  o f th e  form er 

r o l l i n g  p in e  la n d s .  These a re  L ak e lan d , E u s t i s ,  and High B la n to n  

A s s o c ia tio n s  o f te n  w ith  a deep sandy p r o f i l e .  L im estone i s  s e v e ra l  

f e e t  below  th e  s u r f a c e ,  b u t i t s  i r r e g u l a r  c o n to u rs  in f lu e n c e  th e  

topography g r e a t ly .  Lowest y ie ld s  a re  ag a in  i n  th e  H em a n d o -C h ief- 

la n d  g ro u p in g .

P eanu ts  do w e ll  on th e  same s o i l s  t h a t  a re  good f o r  c o m . They 

a l s o  y i e ld  p r o f i t a b ly  on th e  sandy s o i l s  o f  A sso c ia tio n  3 . They a re  

n o t  s u i te d  e s p e c ia l ly  to  th e  K e m a n d o -C h ieflan d  o r  to  th e  P r a i r i e  Land 

s o i l s .  P a t te r n s  f o r  hay fo llo w  th o se  o f co m  and p e a n u ts , w ith  th e  

a l t e r n a t e l y  wet and d ry  p r a i r i e s  b e in g  b e s t  s u i ta b l e .

The in f lu e n c e  o f th e  l im e s to n e  on th e  s o i l s  and thence  on th e  

s u i t a b i l i t y  of th e  lan d  f o r  cro p s i s  obvious h e r e .  C u ltu r a l ly  i n ­

s t i l l e d  farm ing methods have had  some e f f e c t  upon d e c is io n s  made by

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T able 9 Average Y ie ld s  Per A cre and Management L e v e l,*  C o a s ta l 
P la in s  P h y s io g rap h ic  A rea , by S o il  Types

S o il  G rouping Corn (b u sh e ls ) Tobacco (pounds)
and Land Type A B C A ll

(w t'd
avg)

A B C A ll  
(w t'd  
avg)

3 P ine Land 15 37 48 20 855 1412 1710 1306

4-9 Hammock & 
Mixed 7 18 44 10 446 743 1635 907

5-8 High
Hammock 36 44 67 30 855 1412 1710 1306

12 P r a i r i e
Land 15 26 33 17 743 1487 1784 1316

% o f  land in  
th e s e  manage­
ment l e v e ls 80 17 3 100 35 35 30 100

* Level A: A verage Management P r a c t ic e s .

L evel B: Improved Management P ra c tic e s  
w ith o u t i r r i g a t i o n .

L evel C: Improved Management P ra c tic e s  
p lu s  i r r i g a t i o n .

(c o n tin u e d )

S o u rce : U. S . Study Commission, S o u th e a s t R iv er B a s in s , 1961.

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .



Table 9 (continued)

P ean u ts  (pounds)
~ K ------ 1 ------  £ ---- ATT"

(w t'd
avg)

707 2262 2488 1025

566 1131 2488 720

820 2262 2601 1119

466 1697 2036 802

80 17 3 100

C o a s ta l  Bermuda
 Hay ( to n s )_____
A B C  A ll  

(w t'd  
avg)

O ther Hay ( to n s )
A B C A ll 

(w t'd  
avg)

2 .5 4  4 .4 4

1 .27  2 .54

2 .53  5 .0 7

1 .27  2 .54

80 17

5 .7 1  2.96

5 .0 7  1 .60

6 .3 4  3 .08  

3 .8 0  1.56

3 100

1.47 2.56

.73 1.47

1.46 2 .93

.73 1 .47

80 17

3 .29  1.71

2.93 .92

3 .66  1.78

2 .19  ..9 0

3 100

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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in d iv id u a l  fa rm ers  to  grow c e r t a in  p ro d u c ts . Changes in  la n d  use a re  

f r e q u e n t ,  b u t  th e  p ro p o r tio n  o f  lan d  in  cro p s rem ains f a i r l y  s ta b le  

when c o n s id e r in g  th e  e n t i r e  re g io n . The C o n serv a tio n  Needs In v e n to ry  

showed th a t  a  change in  m ajo r u se  (c ro p la n d , f o r e s t ,  p a s tu r e ,  and id l e )  

had occured  on 36 p e r c e n t  of th e  a c re s  su rv e y ed . Y et th e  p e rc e n ta g e s  

of lan d  in  each  use rem ained f a i r l y  s t a b l e ,  p ro b a b ly  r e f l e c t i n g  r e ­

sponse to  econom ic s t a b i l i t y .

The fo re g o in g  s t a t i s t i c a l  a n a ly s is  d e m o n stra te s  t h a t  th e re  i s  no 

s i g n i f i c a n t  c o r r e l a t i o n  betw een s o i l  ty p e s  v e rsu s  lan d  use  v e rsu s  th e  

r e l a t i v e  d e n s i ty  o f k a r s t  f e a tu r e s ,  under to d a y 's  c o n d i t io n s .  From 

t h i s  i t  fo llo w s  in  th e  judgm ent o f t h i s  w r i t e r  t h a t  u se r s  o f  th e  lan d  

have r e s o r te d  to  such use  as t h e i r  in d iv id u a l  c irc u m sta n ces  d i c t a t e d ,  

and th a t  such  use  h as  been  made d e s p i te  th e  p re se n c e  o f k a r s t  f e a tu r e s ,  

r a th e r  th an  bec au se  o f them . K a rs t  problem s appear to  have been a 

n u isa n c e  e lem en t to  i n d iv id u a l s ,  and w h ile  they  co u ld  be im p o rta n t a t  

tim e s , th ey  w ere on ly  one o f  a number o f problem s w ith  w hich land  

u s e r s  had  to  co n te n d , nam ely m a rk e ts , p r i c e s ,  t r a n s p o r ta t io n ,  booms, 

and b u s t s ,  among o th e r s .

Case S tu d ie s

Ten farm s o f th e  l im e s to n e  p la in  w ere s e le c te d  fo r  c lo s e r  s tudy  

w ith  th e  h e lp  o f  th e  A g r ic u ltu r a l  S ta b i l i z a t io n  and C o n serv a tio n  S e rv ic e  

a g e n ts  in  T ren ton  and B ronson. The p r in c ip a l  o b je c tiv e  was to  p ro v id e  

a s e t  o f a c tu a l  f i e l d  c o n d it io n s  to  h o ld  as  a frame o f  re fe r e n c e  w h ile  

o th e r  te c h n iq u e s  were em ployed in  d a ta  c o l l e c t io n .  In fo rm al in te rv ie w s

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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w ere conducted  and sy s te m a tic  q u e s tio n s  p u t to  each  fa rm er (se e  Appendix I I ) .

The farm s ran g ed  from 240 a c re s  to  2 ,000  a c re s  in  s i z e .  A ccord ing  to

th e  1964 Census of A g r ic u ltu r e ,  th e  case  s tu d y  farm s a re  l a r g e r  th an  th e
22

av e rag e  f o r  th e  c o u n tie s  b e in g  c o n s id e re d . T here were th re e  re aso n s  f o r  — 

th e  s e l e c t io n  o f  th e  p a r t i c u la r  group in te rv ie w e d : (1) th e  farm  la rg e

enough in  s i z e  to  keep th e  fa rm er f u l l - t im e  on th e  la n d : (2) th e  lo c a tio n

of th e  farm  on th e  p a r t  o f th e  p la in  a lre a d y  s u b je c te d  to  d e ta i le d  a n a l­

y s i s  by pho to  i n t e r p r e t a t i o n ;  and (3) th e  recommendation o f th e  govern­

ment s p e c i a l i s t s ,  b e fo re  m entioned . There i s  s u f f i c i e n t  ev id e n ce  to  s t a t e  

p o s i t i v e ly  t h a t  th e  s e le c te d  farm s a re  n o t c o n s id e re d  ty p i c a l ,  b u t  a re  

th o u g h t to  be re p r e s e n ta t iv e  o f th e  t o t a l  spec trum  o f farm s in  th e  p a r t  

o f th e  s tu d y  a r e a  d e l in e a te d  as  a g r ic u l tu r a l  la n d .

Maps of in d iv id u a l  farm s w ere p re p are d  by u s in g  th e  e ig h t  in c h e s  to  

one m ile  (1" = 660’) s c a le  o f th e  ASCS o f f ic e  a e r i a l  p h o to g rap h s . Topo­

g ra p h ic  maps w ere e n la rg e d  to  th e  same s c a le  to  compare f i e l d  p a t te r n s  

to  topography . S inkho les o r  o u tc ro p s  a re  p re s e n t  on a l l  farm s s tu d ie d  

b u t  v a ry  g r e a t ly  in  s i z e  and d e s c r ip t io n .  The fa rm er knows th e  lo c a tio n  

o f th e  l a r g e r  o r o ld e r  k a r s t  f e a tu re s  on h i s  la n d . In  in te rv ie w s , he 

u s u a l ly  d isp a ra g e d  th e  v a lu e  o f h i s  p e r s o n a l tim e used  in  involvem ent 

w ith  s in k h o le s .  The h o le s  a r e  co n s id e red  on ly  a n u isa n c e  u n t i l  "cash "  

money i s  l o s t  when s to c k  an im als a re  k i l l e d .  Then th ey  become a s u b je c t  

f o r  a c tio n !

R ep lies  to  th e  q u e s tio n s  v a r ie d  in  th e  te n  ca ses  c i t e d  h e r e .  A ll 

o f  th e  fa rm ers  seemed w i l l in g  and even happy to  " sh a re "  t h e i r  e x p e rie n c e s  

w ith  s in k h o le s .  One p ro u d ly  d isp la y e d  a  homemade b lad e  w hich when

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .



mounted on a  t r a c t o r  was used  fo r  f i l l i n g  s in k h o le s .  A few have amassed 

p a r t i a l l y  a c c u ra te  te c h n ic a l  in fo rm a tio n  on t h e i r  s in k h o le s ,  one a s s e r t in g  

th a t  h i s  f a rm 's  s in k h o le s  connected  w ith  th e  Suwannee R iv e r , a n o th e r  

q u o tin g  " U n iv e r s i ty  P eo p le"  a s  say in g  h i s  farm  had th e  p u r e s t  lim e ro ck  

in  th e  s t a t e .

A t y p i c a l  fa rm ste ad  on th e  lim e s to n e  p la in s  sp ra w ls  on f l a t  lan d  

am id st shade t r e e s .  Farm yards and la n e s  a re  l i k e l y  to  b e  d u s ty  w ith  eq u ip ­

ment and m achinery  l e f t  p ark ed  in  c a s u a l  f a s h io n . There i s  u s u a l ly  a 

fe n ced  k i tc h e n  garden  o f f  to  one s id e  w ith  seldom  any f r u i t  t r e e s ,  b e r ry  

b u sh e s , flo w e r b e d s , o r  o th e r  p ro d u c tiv e  a m e n it ie s  a b o u t. There w i l l  

b e , how ever, u b iq u ito u s  b o rd e rs  o f lim ero ck  and o c c a s io n a l  p ile d -u p  

lim e ro ck  b o u ld e r s .  U su a lly  th e re  a re  sheds and pens f o r  swine which 

somehow alw ays seem to  have g o tte n  lo o s e .  Dogs and c a t s  abound. The 

dogs a re  o f no p a r t i c u l a r  ty p e , b u t on th e  o c c a s io n s  of th e  in te rv ie w s  

w ere alw ays n o is y  and f r ie n d ly .  Tobacco f i e l d s  a re  u s u a l ly  found c lo s e  

by th e  h o m estead s, a s  a re  th e  e a s i l y  re co g n ize d  to b acco  b a r n s .

There was a  w ide range o f re sp o n se  to  th e  t re a tm e n t o f k a r s t  h a z a rd s . 

In  some ca ses  b u n d les  o f o ld  fen ce  w ire ,  t i r e s ,  o r  tim b e rs  marked th e  

p re se n c e  o f s in k h o le s  in  th e  f i e l d s .  O ther s in k h o le s  se rv e d  as farm  

t r a s h  p i t s  and t h e i r  owners observed  s t e r n l y  t h a t  t h i s  p r a c t i c e  was much 

b e t t e r  th a n  c e r t a i n  of t h e i r  n e ig h b o rs  " th a t  dumped t h e i r  t r a s h  r i g h t  

o u t on th e  la n d ."

Land u ses  v a ry  w id ely  in  th e  ca se  s tu d ie s  w ith  c ro p la n d  occupying 

somewhat l e s s  th an  h a l f  th e  la n d . T h is i s  co m p atib le  w ith  th e  f ig u re s  

of th e  C o n serv a tio n  Needs In v e n to ry  though a l l  th e  farm s a r e  f a i r l y

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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l a r g e  and one i s  p re d o m in a n tly  p a s tu re .  T y p ica l problem s in c lu d e  such 

as t h a t  i l l u s t r a t e d  i n  F ig u re  13. The corn  f i e l d  h as  been  p a r t l y  l o s t  

becau se  o f th e  d ra in a g e  p roblem . The in d iv id u a l  fa rm ers  t e l l  of t ro u b le  

w ith  l i v e s to c k ,  and th e  sm a ll t re a c h e ro u s  s in k h o le s  i l l u s t r a t e d  in  

F ig u re s  5 and 18, found in  C hap ters  I I  and V.

The c a se  farm s c o n ta in  from  2 to  30 o r  more s in k h o le s  ea ch , and 

m ost have some rocky o u tc ro p s .  At l e a s t  th re e  o f  th e  fa rm ers  had ta k e n  

a dvan tage  of th e  ASCS program  w here in  th e  f e d e r a l  governm ent m atches 

funds used  to  f i l l  s in k h o le s .  One fa rm er, h av in g  l o s t  32 hogs i n  p a s t  

y e a r s ,  had s p e n t $1,500 in  t h i s  program . The Levy County ASCS agen t 

r e p o r t s ,  how ever, t h a t  th e  p la n  h as  n o t been  w e ll -a c c e p te d  becau se  of 

th e  ex p en se . More d is c u s s io n  o f t h i s  problem  w i l l  be p re s e n te d  in  th e  

fo llo w in g  c h a p te r .

The c a se  s tu d y  fa rm ers  use  t r a c t o r s  and to b acco  h a r v e s t in g  m ach ines,

b u t  do n o t a t te m p t to  u t i l i z e  such equipm ent as v a l le y  s p r in k l e r s  (s e e

F ig u re  1 4 ) . T his la r g e  p ie c e  o f i r r i g a t i o n  equipm ent co u ld  n o t  fu n c tio n

on a s in k h o le - p i t t e d  te r r a n e .  I t  w i l l  o p e ra te  on u n d u la tin g  s lo p e s  b u t

th e  w heels m ust be a b le  to  r o l l  alo n g  th e  ground w ith o u t o b s tru c t io n s  o r

t r a p s  c r e a te d  by v o id s .  Only one fa rm er had plowed a long  th e  co n to u r

around a s in k h o le  (se e  F ig u re  1 5 ) . T h is a c t io n  seems to  be un ique  today  

23
b u t  has been  p r a c t ic e d  in  p a s t  y e a r s .  In  on ly  one o f th e  ca se  s tu d ie s  

d id  th e  fa rm er have a  s in k h o le  t h a t  he co n s id e re d  as  an a s s e t .  T h is  

s in k h o le  h as  a  w e ll  i n  i t  f o r  i r r i g a t i o n  p u rp o se s . In  no c a se  was th e re  

s ta n d in g  w a te r  f o r  s to c k ,  a lth o u g h  th e s e  farm  ponds can be see n  

o c c a s io n a l ly  on o th e r  farm s in  th e  s tu d y  a r e a .
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F ie ld  d a ta  from th e  case  s tu d ie s  su p p o rt th e  s t a t i s t i c a l  a n a ly s is  

o f  k a r s t  d a ta ,  as re p o r te d  i n  th e  s e c tio n  p re c e d in g . Farm ers appear 

to  use  k a r s t  lan d s a c c o rd in g  to  t h e i r  v a r io u s  i n d iv id u a l  c irc u m s ta n c e s , 

and w h ile  re c o g n iz in g  k a r s t  p rob lem s, seem accustom ed to  them , and 

i n  th e  sam pling  re p o r te d  upon, t o l e r a te d  th e  problem s w ith o u t o v erly  

r e a c t in g  to  them. The c h ie f  b e n e f i t  to  th e  w r i t e r  d e r iv e d  from  th e  

ac cu m u latio n  o f ca se  d a ta  i s  th e  in c re a s e d  a b i l i t y  to  p e rc e iv e  more 

c l e a r ly  some of th e  r e la t io n s h ip s  betw een k a r s t  and la n d  use  and to  

re c o g n iz e  some o f th e  problem s a s s o c ia te d  w ith  u s in g  lan d  hav ing  num­

e ro u s  k a r s t  f e a tu r e s .
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CHAPTER V

HAZARDS AND PROBLEMS ASSOCIATED WITH KARST

Dim ensions o f th e  Problem  

The p e c u l ia r  o r  d i s t in g u is h in g  fe a tu re s  o f th e  k a r s t  lan d sca p e  a re  

th o se  landform s a t t r i b u t a b l e  to  a  dominance of th e  p ro c e s s  o f s o lu tio n  

in  t h e i r  fo rm a tio n . The mass w a s tin g  of th e  s u rfa c e  downward by g ra v ity  

fo llo w s  s o lu tio n  underg round . S ince t h i s  su b sid en ce  i s  u s u a l ly  more 

lo c a l  in  e x te n t  th an  re g io n a l  because  o f  d i f f e r e n t i a l  s o lu t io n ,  th e  

r e s u l t i n g  s u rfa c e  e x p re s s io n  i s  t h a t  o f a v o id  o r  h o le .  I f  th e  h o le  

e x is te d  b e f o re  th e  lan d  u se  was d e te rm in e d , perh ap s th e  p re se n c e  o f th e  

s in k  would rem ain a  problem  o r c o n d it io n  to  be c o n s id e red  and p lanned  

f o r — o r ig n o re d . I f  th e  su b s id en ce  o ccu rs  a f t e r  th e  lan d  i s  in  u s e ,  

th e r e  may be lo s s  to  p e rso n  o r p ro p e r ty .  The im portance  o f  th e  lo s s  i s  

p r o p o r tio n a l  to  such  v a r ia b le s  as la n d  use and th e  p re se n c e  of s t r u c tu r e s  

o r  l i v e s to c k .

The problem s a s s o c ia te d  w ith  k a r s t  topography m ost o f te n  c e n te r  

them selves  abou t s in k h o le s  and o u tc ro p s . The a g r ic u l tu r a l  lan d  use  

may be a l t e r e d  by th e se  p h y s io g ra p h ic  f e a tu r e s .  The s i tu a t io n  co u ld  be 

th e  p re se n c e  o f a l a rg e  s in k h o le  in  some o f th e  b e t t e r  s o i l  a re a s  fo r  

c ro p s . T h is o cc u rre n ce  i s  n o t a c c id e n ta l ,  f o r  th e  J o n e s v i l le -C h ie f la n d -  

Hemando s o i l  a s s o c ia t io n  i s  co n s id e re d  s u i ta b l e  fo r  u se  as c ro p la n d  in  

th e  a r e a .  The u n d e r ly in g  lim e s to n e  p o sse s se s  th e  c h a r a c t e r i s t i c s  t h a t  

p re d is p o s e  th e  a r e a  to  c a v i t i e s  and su b seq u en t s in k h o le s .  O utcrops of

-9 9 -
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lim e ro ck  a t  th e  s u r f a c e  p re s e n t  a s e r io u s  c o n d it io n  a l s o ,  re n d e rin g  much 

o f th e  lan d  where th ey  o ccur u n s u i ta b le  f o r  p ro d u c tiv e  u s e . O utcrops 

may have been p re s e n t  a t  th e  tim e of i n i t i a l  u se  of th e  lan d  by man o r 

th ey  may o cc u r as re c e n t  exposures of th e  bedrock  by t i l l a g e  e ro s io n  o f 

th e  o v e r ly in g  s o i l .

W hether th e  s u rf a c e  e x p re s s io n  i s  p o s i t iv e  o r  n e g a tiv e  in  r e l i e f ,  

a  problem  e x i s t s  when th e  lan d  i s  u sed . The sm a ll s in k h o le  i s  o f te n  

f i l l e d  by the  fa rm er w ith  lo o se  rocks which m ust be removed from th e  

cro p la n d . With th e  passage  of tim e th e  k a r s t  f e a tu r e  becomes alm ost 

u n id e n t i f i a b l e  as to  i t s  o r ig in  as s in k  o r  o u tc ro p . The u b iq u ito u s  

ro c k p ile  su rro u n d ed  by bushes and o f te n  t r e e s  i s  a  w asted  p o r t io n  o f 

th e  farm  and a n e g a tiv e  re s o u rc e .

T here a r e  o th e r  h az a rd s  a t t r i b u t a b l e  to  k a r s t  b e s id e s  th o se  i n ­

v o lv in g  t i l l a g e  p u r s u i t s ,  in c lu d in g , a s  has been  n o te d , th e  lo s s  o f 

l iv e s to c k  and of human l i f e  as w e l l .  The term  "h az ard "  conno tes some 

deg ree  o f  r i s k ,  so  th e  u se  o f  th e  word "problem " i s  a ls o  w a rra n te d .

When a m ajor c a v e -in  occurs u n ex p e cted ly  th e re  i s  p e r i l  o r  h az a rd  to  

p e rso n  and p ro p e r ty .  When th e  k a r s t  f e a tu r e  i s  a lre a d y  p re s e n t  and 

r e a l ,  i t  can be d e a l t  w ith  a s  a problem .

S in k h o le  h a z a rd , th e r e f o r e ,  conforms to  th e  d e f in i t i o n  of n a tu r a l

h a z a rd s  p roposed  by Ia n  B urton  and R obert W. K ates in  t h e i r  a r t i c l e

"The P e rc e p tio n  o f N a tu ra l  H azards in  Resource M anagem ent."1 N a tu ra l

h a z a rd s  a re  th o se  e lem en ts  in  th e  p h y s ic a l  environm ent "harm fu l to
2

man and caused  by fo r c e s  e x tra n e o u s  to  him . B urton  and K ates a ls o  

d e s c r ib e  th e  in su ra n c e  concep t o f " a c t  o f God" and o f f e r  t h a t  to d a y 's
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a c ts  o f God " a re  o f te n  tom orrow 's a c t s  o f c r im in a l n e g l ig e n c e ."  The 

c r e a t io n  o f a  s in k h o le  i s  alm ost alw ays p e rc e iv e d  as  u n av o id a b le  and 

an a c c id e n t ,  when in  f a c t  r e a l  ca u ses  e x i s t  which a re  to  some e x te n t  

p re v e n ta b le  i f  n o t  p r e d ic ta b le .

The fa rm ers  of th e  case s tu d ie s  as w e ll  as dozens o f o th e r  r e s i ­

d e n ts  who were in te rv ie w e d  showed deg rees  o f v a r ia t io n  in  t h e i r  p e r ­

c e p tio n  o f th e  n a tu r a l  h az ard  o f s in k h o le s .  However, tak e n  c o l l e c t iv e ly  

th ey  e x h ib i t  c o n s id e ra b le  c u l tu r a l  u n ifo rm ity  in  t h i s  p e r c e p t io n . To 

th e  n a t iv e  i n h a b i ta n ts  o f the s tu d y  a re a  k a r s t  h a z a rd s  a re  p h y s ic a l  

phenomena caused  by fo r c e s  e x tra n e o u s  to  th e m se lv e s . T h e ir  p e rc e p tio n  

o f  th e s e  h az ard s  i s  so  c a su a l  as to  amount to  g e n e ra l  a c c e p ta n c e . To 

p e rso n s  e n te r in g  th e  a re a  from o th e r  re g io n s  o f  th e  s t a t e ,  such  a s ,  

f o r  exam ple, a new county  agen t t r a n s f e r r e d  from West F lo r id a ,  th e  

h a z a rd s  a re  r e a l  and ap p a ren t and demanding o f c o n s id e r a t io n . T his i s  

p e r c e p t io n  to  an im m ediate and h ig h  d e g re e . M an's p e r c e p t io n  o f  th e s e  

h a z a rd s , th e r e f o r e ,  i s  seen  to  o p e ra te  on two l e v e ls ;  a  low l e v e l  p e r ­

c e p tio n  sh a red  by th o se  in d iv id u a ls  long  in u re d  to  th e  h a z a rd s , and on

a  h ig h e r  l e v e l  th o se  in d iv id u a ls  whose p e r c e p tio n  i s  f r e s h  and who a re
3

h a b i tu a te d  to  th e  s o lu tio n  of p rob lem s. Such d if f e r e n c e s  w ith in  a

group and betw een groups a re  w e ll  u n d ers to o d  and f re q u e n t ly  e n c o u n te re d .

B urton  and K ates s a y , w ith in  th e  p r e c i s e  c o n te x t o f v a r ia t io n s  o f  th e

p e r c e p t io n  o f n a tu r a l  h a z a rd s , t h a t  in  a  profound  and fundam en ta l way

4
such  v a r ia t io n  i s  a  p ro d u c t of human ig n o ra n c e .

W ith th e  fo reg o in g  in  mind, T ab le 10 from  th e  B urton  and K a tes 

a r t i c l e  was s e le c te d  f o r  in c lu s io n  h e r e .  The ta b le  l i s t s  common n a tu r a l
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T ab le  10 L i s t  o f  N a tu r a l H azards w ith  S in k h o le s  Added

G e o p h y s ic a l B io lo g ic a l

C lim a t ic  and 
M e te o r o lo g ic a l

G e o lo g ic a l  and  
G eomorphic F lo r a l F au n a l

B liz z a r d s A va lanches F u n g a l D ise a se s B a c t e r i a l  &
& Snow F o r Exam ple: V i r a l  D ise a se s

E a r th q u a k e s F or Exam ple:
D ro u g h ts A t h l e t e ’ s f o o t

E ro s io n  ( in c lu d in g D utch elm I n f lu e n z a
F lo o d s s o i l  e r o s io n  & Wheat stem  r u s t M a la r ia

sh o re  and beach B l i s t e r  r u s t Typhus
Fog e r o s io n ) B ubonic P la g u e

I n f e s t a t i o n s V e n e re a l  D ise a se
F r o s t L a n d s l id e s F o r Exam ple: R ab ies

Hoof & Mouth D ise a se
H a ils to rm s S h i f t i n g  Sand Weeds T obacco M osaic

P h re a to p h y te s
H e a t Waves Tsunam is W ater H y a c in th I n f e s t a t i o n s

F o r Exam ple:
H u r r ic a n e s V o lc a n ic  E ru p tio n s Hay F ev er

R a b b its
L ig h tn in g S in k h o le s P o iso n  Ivy T e rm ite s

S tro k e s L o c u s ts
& F i r e s G rassh o p p ers

T ornadoes Venomous Anim al B ite s

* S u g g ested  a d d i t i o n  by E. F . A b b o tt

S o u rce : B u rto n  and  K a te s  (1964)
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h a z a rd s  by p r in c ip a l  c a u s a l  agent."* T h e ir  l i s t  co v e rs  a b ro ad  spec trum  

in  descen d in g  o rd e r  o f m agnitude from e a rth q u a k e s  down to  fog and w a te r  

h y a c in th s ,  b u t  s u r p r is in g ly  f a i l s  to  in c lu d e  s in k h o le s  on k a r s t  t e r r a n e s .  

F or p u rp o se s  o f t h i s  s tu d y  th e  s in k h o le s  w i l l  be added to  th e  l i s t  of 

g e o lo g ic a l  and geom orphic n a tu r a l  h a z a rd s .

H azardousness o f P la ce

The e x te n t  and n a tu r e  o f  damaging e v e n ts  in  a  r e g io n a l  ec o logy  were 

exam ined by H e w itt and B urton  f o r  th e  U n iv e r s ity  o f T o ro n to , who made 

c o m p ila tio n s  o f such e v e n ts  and from  them a p p lie d  th e  term , "h az ard ­

ousness  of a  p l a c e ."  T h e ir  s tu d y  i s  a p p l ic a b le  to  th e  k a r s t  c o u n try  

o f  w e st c e n t r a l  F lo r id a  in  im p o rta n t r e s p e c ts .  Any n a tu r a l  h az a rd  i s  

a fu n c tio n  b o th  o f  th e  p h y s ic a l  e v e n t i t s e l f  and o f  th e  s t a t e  of human 

s o c ie ty ,  in c lu d in g  s p e c i f i c a l l y  th e  ad ju s tm e n ts  adop ted  to  cope w ith  th e  

h a z a rd . The p o in t  i s  of fundam en tal im p o rtan ce  and i s  d i r e c t l y  a p p l i ­

c a b le  to  th e  s tu d y  a r e a .  The F lo r id a  c o n d it io n  i s  one of s m a l l - s c a le  

h a z a rd s , when m easured a g a in s t  m ajor c a ta s t r o p h e s ,  b u t  th e s e  h az ard s  

do s m a ll amounts of damage, f r e q u e n t ly  and c u m u la tiv e ly . Thus, because  

th e  economic and human costs o f  th e  h a z a rd  do n o t b u i ld  up su d d en ly , 

th ey  do n o t a t t r a c t  much p u b l ic  i n t e r e s t ,  in  c o n t r a s t  w ith  th e  sudden 

c a ta s t ro p h e s  o f s to rm  o r  f lo o d  w hich cause  immense lo s s  in  a  s h o r t  

t im e . The h a z a rd  i s  r e a l  n e v e r th e le s s  and i s  c h a r a c t e r i s t i c  o f  th e  

s tu d y  a r e a .^

The o v e r a l l  r e la t io n s h ip  betw een man and env ironm en t i s  in v o lv ed  

h e r e .  On th e  p o s i t i v e  s id e  th e  r e la t io n s h ip  in c lu d e s  re s o u rc e s  and
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re s o u rc e  com m odities, and on th e  n e g a tiv e  s id e ,  h a z a rd s  and damage. The 

e c o lo g ic a l  system  o f th e  s tu d y  a re a  can be seen  to  c o n ta in  b o th , and ou r 

fo c u s h e re  i s  on th e  n e g a t iv e  a s p e c ts .  The n a tu r a l  e le m e n ts  o f  th e  k a r s t  

w hich cause  th e  damage a re  c lo s e ly  in te g r a te d  w ith  m an 's a c t i v i t i e s  and 

s o u rc e s  o f l iv e l ih o o d ,  and do n o t r e c e iv e  any p a r t i c u l a r l y  s e p a ra te  p e r ­

c e p tio n  from th e  p eo p le  on th e  la n d . T h e ir  th re s h o ld  of to le ra n c e  to  

k a r s t  h a z a rd s  i s  h ig h , and such h ig h  to le ra n c e  l e v e ls  in c re a s e  th e  h a z ­

a rd o u sn ess  o f th e  p la c e .  The th re s h o ld  h e ig h t  can n o t  be s t a t e d  p r e c i s e ly ,  

how ever, b ec au se  o f th e  e x te n s iv e  range o v er which th e  k a r s t  h a z a rd s  con­

s t i t u t e ,  to  one s e c tio n  o f th e  community, h a z a rd s  w hich a re  c a n c e lle d  o u t ,  

a t  l e a s t  in  economic te rm s , by b e n e f i t s  to  a n o th e r  g ro u p . T h is c o n d it io n

i s  re co g n ize d  by H e w itt and B urton and i s  exam ined in  d e t a i l  e lsew h ere

8
in  t h i s  d i s s e r t a t i o n  in  th e  c h a p te r  on Lim estone as a R eso u rc e .1!

Governm ental p la n n in g  on th e  lo c a l  l e v e l  does how ever re c o g n iz e  a t  

l e a s t  th e  m arg in a l h az a rd s  o f th e  k a r s t  f e a tu r e s ,  and h as  im plem ented 

program s to  m i tig a te  them . An e a r th  s c i e n t i s t  can go f a r t h e r  ahead to  

e s t im a te  th e  p o t e n t i a l  f o r  f u tu re  damage on a  s c a le  n o t  e x p e rien c ed  b e ­

f o r e ,  when he observes  human a c t i v i t i e s  changing  n a tu r a l  c o n d it io n s  

s u f f i c i e n t ly  to  c r e a te  th e  new h a z a rd  p o t e n t i a l .  These c o n s id e r a t io n s  

a r e  a m p lif ie d  in  th e  m a te r ia l  w hich fo l lo w s .

H azards to  S tr u c tu re s

S in k h o le s  when p r e s e n t  may o f f e r  th e  c h ie f  t h r e a t  to  s t r u c t u r e s .

The e x te n t  o f  th e  problem  was re p o r te d  upon by th e  S ta te  G e o lo g is t o f
9

F lo r id a  fo llo w in g  a re q u e s t  by th e  S ta te  T re a su re r  made in  1967.

G en esis  o f th e  r e q u e s t  was a  s in k h o le  problem  in  P o lk  County, which had

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .



r e s u l t e d  in  th e  lo s s  of fo u r  homes in  a  s u b d iv is io n  (See F ig u re  1 6 ) , 

and th e  tem porary abandonment o f  20 o th e r s .  In  th e  ca ses  o f th e  fo u r  

l o s t  th rough  d e s t r u c t io n ,  th e  FHA abso rbed  a l l  lo s s e s  beyond th e  home­

ow ners 1 e q u i t i e s .  These l a t t e r  l o s t  th e  amounts o f t h e i r  e q u i t i e s ,  s in c e  

s in k h o le  in su ra n c e  d id  n o t  e x i s t ,  and th e  houses were com plete ly  d es­

tro y e d . The S ta te  T re a su re r  a t  t h a t  tim e was a ls o  C h ie f o f th e  S ta te  — -

In su ra n c e  D iv is io n  and used  th e  S ta te  G e o lo g is t 's  a n a ly s is  as th e  b a s i s  

f o r  new s t a t e  l e g i s l a t i o n  making i t  com pulsory f o r  a l l  in su ra n c e  com panies 

w hich s e l l  f i r e  in su ra n c e  w ith in  th e  s t a t e  a l s o  to  add s in k h o le  in su ra n c e  

a s  an a v a i la b le  o p t io n . The law took  e f f e c t  on January  1 , 1970, and 

c overage  has been a v a i la b le  s in c e  t h a t  d a t e . ^  (See F ig u re  17)

One f e a tu r e  o f  th e  g e o lo g i s t 's  r e p o r t  was th e  d iv i s io n  o f th e  s t a t e  

i n t o  v u ln e r a b i l i t y  zones, term ed "Zones of P r o b a b i l i ty , "  and d iv id e d  on 

an ascen d in g  s c a le  in to  c a te g o r ie s  one th rough  fo u r (See map 1 0 ). Most 

o f  th e  la n d  s u r f a c e  o f th e  d i s s e r t a t i o n  s tu d y  a r e a  i s  a ss ig n ed  to  zones 

two and th r e e .  T h e ir  te c h n ic a l  d e s c r ip t io n  i s  s u c c in c t  and i s  quo ted  in  

f u l l :

C la s s i f i c a t i o n  o f K a rs t i n to  Zones o f P r o b a b i l i ty

A rea I  L im estone covered  by m oderate to  th ic k  o v erburden , in
which th e  w a te r  t a b l e  a n d /o r  p ie z o m e tr ic  su r fa c e  l i e s
n e a r  o r a t  th e  ground s u r f a c e — In c lu d e s  a re a  o f F lo r id a  
in  which a r te s i a n  flow  o c c u rs .

A rea I I  L im estone covered  by m odera te overburden  w ith  th e  w a te r
t a b le  o r  p ie z o m e tr ic  s u r f a c e  ly in g  below  th e  top  o f 
s in k  b a s in s .  A w e ll  deve loped  k a r s t  p r e s e n t ,  in te r s e c te d  
in  la rg e  p a r t  by th e  w a te r  t a b l e .

A rea I I I  L im estone ly in g  a t  o r  n e a r  th e  ground su rfa c e  w ith  th in
o v erb u rd en . W ell deve loped  k a r s t .
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A rea IV C om binations o f  A reas I I  and I I I ,  where deep d ew atering  
h a s  o c c u rre d — and s in k h o le  c o l la p s e  i s  o c c u rr in g  th rough 
d ropping  o f deep and w ide p lu g s o f  e a r t h .

The A rea d e f in i t i o n s  se rv ed  as g u id e l in e s  upon which th e  new in ­

su ra n c e  f e e s  w ere to  be b a se d , and r e p re s e n t  th e  S t a t e 's  b e s t  u n d e rs ta n d in g  

o f  th e  e x te n t  and s e r io u s n e s s  o f  th e  h a z a rd s . In  1970, f o r  A lachua County, 

th e  premium r a t e  was $.25 p e r  $100 o f  in su ra n c e  c a r r ie d  p e r  

b u i ld in g  w ith  l im i t s  o f $17,500 on s in g le  fam ily  d w e ll in g s , and $30,000 

on m u ltip le  d w e llin g s  up to  and in c lu d in g  fo u r f a m i l i e s .  For C i t r u s ,  D ix ie , 

G i l c h r i s t ,  L a f a y e tte ,  Levy, and M arion C o u n tie s , th e  r a te  was $ .15  p e r  

$100 p e r  b u i ld in g ;  and fo r  Sumter C ounty, th e  r a t e  was $.06 p e r  $100.

The F lo r id a  Farm B ureau M utual In su ra n c e  Company announced th a t  

b e g in n in g  A p r il  1 , 1972, i t s  p o l ic y  h o ld e r s  covered  w ith  homeowners i n ­

su ra n c e  would re c e iv e —a t  no a d d i t io n a l  c o s t—sin k h o le  coverage . A company 

spokesman announced th a t  t h e i r  e x p e rie n c e  showed th a t  th e  premium ch a rg es  

f o r  s in k h o le  coverage a t  th e  owner's o p tio n  were "n o t in  l i n e  w ith  th e  lo s s  

e x p e rie n c e d , and th a t  as a  s e r v ic e  to  th e  cu sto m e r-p u b lic  i t  would be un­

f a i r  to  co n tin u e  c h a rg in g  th o se  h ig h  r a t e s " . ^  S ince  p e r io d s  o f y e a rs  

go by in  F lo r id a  w ith o u t th e  payment o f in su ra n c e  c la im s fo r  h u rr ic a n e  

lo s s e s  when th e re  have been no h u rr ic a n e s  f o r  th o se  y e a r s ,  i t  m ust be 

c o n s id e re d  th a t  th e  le n g th  of tim e th e  in su ra n c e  law fo r  s in k h o le s  h as  

been  in  e f f e c t  i s  to o  s h o r t  to  p e rm it c o n c lu sio n s  a t  t h i s  p o in t .

The S ta te  G e o lo g is t 's  R eport i s  p e r t in e n t  to  th e  s tu d y  a re a  f o r  

o th e r  re a so n s  th an  th e  mapping o f r e l a t i v e  v u l n e r a b i l i t i e s ,  and th e  

making a v a i la b le  of s in k h o le  in su ra n c e  to  th e  r e s id e n t s .  The r e p o r t ,  

w hich  i s  u n p u b lish e d  and l im i te d  in  d i s t r i b u t i o n ,  o f f e r s  c e r t a in  co n c lu sio n s  

12w hich ap p ly  h e r e .  These a r e :
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1 . S in k h o le s  a re  a r e s u l t  o f  a  n a tu r a l  geom orphic p ro c e s s  t h a t  
has fu n c tio n e d  f o r  s e v e ra l  m ill io n  y e a rs  to  produce th e  k a r s t
o f  F lo r id a  and to  form  th e  b a s i s  fo r  th e  s e v e ra l  thousand
la k e s  t h a t  m odera te th e  S t a t e 's  c l im a te  and p ro v id e s  re c re a t io n  
and a p le a s a n t  l i f e .

2 . S in k h o le s  w i l l  c o n tin u e  to  form; t h a t  i s  a  c e r t a i n t y —

3. C a v i t ie s  w hich se rv e  as r e c e p ta c le s  f o r  overburden  c o lla p s e
have been in  e x is te n c e  f o r  lo n g  p e r io d s  o f tim e .

4 . The downward movement of ground w a te r  charged  w ith  carbon
d io x id e  and o rg a n ic  a c id  i s  m odify ing  and slow ly  e n la rg in g  
v e r t i c a l  f r a c tu r e s  and c a v i t i e s  in  th e  l im e s to n e .

5 . S u b su rfa ce  c a v i t i e s  and s u r f a c e  s in k h o le s  can be in  p a r t  r e ­
la t e d  to  v e r t i c l e  f r a c tu r e  sy stem s, and h o r iz o n ta l  p e r m e a b i l i ty .

6 . There i s  some c o r r e l a t i o n  o f  d e n s ity  d i s t r i b u t i o n  o f s in k h o le s  
to  la n d  forms (swamps) and to  th e  i n t e r s e c t io n  o f two lan d  
form  ty p e s .  T h is may be a r e a l  o r an ap p a re n t r e la t io n s h ip .

7 . W ith deep d ew aterin g  o f th e  s u b -s u rfa c e  th e  numbers and r a te  
o f fo rm a tio n  w i l l  be a c c e le r a te d ,  c o in c id e n t w ith  d ro u g h ts .

8 . Land ty p es  I  and I I  a r e  v i r t u a l l y  f r e e  o f c o l la p s e  fe a tu re s
and p ro b a b ly  w i l l  c o n tin u e  to  be f r e e  u n t i l  la rg e  dew atered
a r e a s  a re  d ev e lo p ed .

9 . Land ty p e  I I I  i s  lim e sto n e  exp o su re , w ith  a t te n d a n t  
s m a ll s in k h o le s  and k a r s t .  L im ited  fo u n d a tio n  e x p lo ra t io n  
sh o u ld  r e s t r i c t  s t r u c t u r a l  f a i l u r e .

10 . Land ty p e  IV in c lu d e s  a re a s  w here deep d ew ate rin g  co in c id e d  
w ith  a  m odera te c l a s t i c  o v erb u rd en , and a h i s to r y  o f s in k  
c o l la p s e .  However, even w ith in  th e se  a r e a s ,  a com bination  of 
c a v i t i e s  in  l im e s to n e , m odera te and c l a s t i c  ov erb u rd en , low 
w a te r  l e v e l s ,  a l l  m ust e x i s t  b en e a th  a  s i t e  b e fo re  c o lla p s e  
o c c u rs .

11. In  a re a s  h av in g  h i s t o r i c a l  c o l la p s e  and s tu d ie d  in te n s iv e ly ,  
s in k h o le s  w ere r a r e  on h i l l s  and h ig h  f l a t l a n d s ,  m oderate in  
la rg e  b a s in s  o f o ld  s in k h o le s  and s tre a m s, and common a long  
th e  b ase  o f  th e  s lo p e  co n n e c tin g  th e  h i l l s  to  th e  b a s in s .
High on th e  s lo p e s  few s in k s  had o c c u rre d .

12 . The lo c a tio n  of s in k h o le s  i s  p ro b a b ly  r e la t e d  to  bedrock 
s t r u c t u r e ,  b u t  th e  d e t a i l  and degree  h a s  n o t been e s ta b l i s h e d .
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13. G eophysical d ev ic es  and d a ta  th e re fro m  a re  h ig h ly  i n t e r ­
p r e tiv e  and can be r e a l i s t i c a l l y  u t i l i z e d  only fo r  very
sh allo w  c a v i t i e s .  In  th e  B artow , G a in e s v il le  and O rlando 
a r e a s ,  th i s  dep th  ran g e would be above th e  top o f  th e  
lim e s to n e .

14. No cheap means i s  now a v a i la b le  to  i s o l a t e  s p e c if i c  sm all
a re a s  as to  i t s  r e l a t i v e  d eg ree  o f s in k h o le  developm ent
p r o b a b i l i t y .

W hile no in su re d  re s id e n c e s  a t  th e  time o f  w r it in g  have been

damaged s u f f ic ie n t ly  fo r  in su ra n c e  c la im s to  be f i l e d ,  m ajor s t r u c tu r e s

planned  in  th e  s tudy  a re a  r e q u ir e  c a re f u ly  survey  o f  the su b -s u rfa c e

a re a s  b e fo re  c o n s tru c t io n  p ro c e e d s .*  An example o f such a su rvey  i s

quoted  from th e  r e p o r t  o f an en g in e e rin g  g e o lo g is t  to  th e  p la n n e rs  o f
13

a la rg e  o f f ic e  b u i ld in g  in  A lachua County i n  1972.

E x p lo ra to ry  b o rin g s  were made a t  th e  proposed b u i ld in g  
s i t e . . .b o rin g  number one in d ic a te d  th e  p o s s ib le  e x i s ­
ten c e  o f  a c a v ity  in  the lim e s to n e  a t  a dep th  o f  20 to  
25 f e e t  below g r a d e . . . i n d i c a to r s  p o in t  to  e x is te n c e  o f  
a w e ll  developed  s o lu t io n  c a v i ty  which has been i n ­
f i l l e d  w ith  se d im e n ts . A e r ia l  photographs and o n - s i t e  
in s p e c t io n  re v e a le d  a number o f  s in k h o le s  and su b s id en ce  
d e p re s s io n s  in  a l i n e  some th re e  m iles  long tre n d in g  
SW-NE a c ro s s  th e  n o r th e a s te r n  p o r t io n  o f  your p ro p e r ty .  
We m ight move o f f  t h i s  j o i n t  l in e a t io n  and o b ta in  
b e t t e r  fo u n d a tio n  c o n d it io n s  by s h i f t i n g  th e  e x p lo r­
a t io n  some 80 to  100 f e e t  e a s t  o f th e  o r ig in a l  
lo c a tio n .

I t  w i l l  be see n  th a t  th e  e n g in e e rin g  g e o lo g is t 's  work conform s to  

c o n c lu sio n s  5 , 9 and 10 o f  th e  S ta te  G e o lo g is t 's  r e p o r t  p re v io u s ly  r e ­

fe r re d  to .  P ro fe s s io n a l  s u b -s u rf a c e  e x p lo ra t io n  i s  expensive  and o f  course 

adds to  c o n s tru c t io n  c o s t s ,  in  d i r e c t  re sp o n se  to  th e  p o t e n t i a l  h az ard  o f

* S ta te  Farm M utual In su ra n c e  Company, G a in e s v il le ,  F lo r id a .
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b u i ld in g  o v er u n te s te d  k a r s t  t e r r a n e .

The U n iv e r s i ty  o f F lo r id a  i t s e l f  has had  c o n s id e ra b le  e x p e rien c e  

w ith  th e  s in k h o le  and cavern  prob lem . When p r e - c o n s t r u c t io n  t e s t  b o rin g s  

f o r  a new e n g in e e r in g  complex in d ic a te d  c o n s tru c t io n  cou ld  p ro c e e d , ex­

c a v a tio n  of th e  fo u n d a tio n  was begun. I r r e g u la r  cav ern s  w ere en c o u n tere d  

w hich had been m issed  by th e  s y s te m a tic  t e s t  b o r in g s .  E xpensive f i l l i n g  

m easures w ere re q u ir e d  w hich had n o t been  budgeted  fo r  in  c o n tra c t  e s t i ­

m a te s .*  In  o th e r  c a se s  r e lo c a t io n  was re q u ire d  and a new s e t  o f c o s ts  

in c u r r e d  in  p la n n in g  f o r  new s i t e s .

In  summary, th e n , th e  s tu d y  a r e a  in c lu d e s  a r e a s  th r e e  and fo u r  o f 

th e  h ig h e s t  v u ln e r a b i l i t y  to  s in k h o le  damage. Based on th e  P o lk  County 

e x p e rie n c e  o f  1967, th e  s t a t e  in su ra n c e  a u th o r i ty  th rough  th e  l e g i s l a t u r e  

r e q u ir e d  s in k h o le  in su ra n c e  to  be p ro v id ed  f o r  homes where d e s i r e d ,  s t a t e ­

w id e . I t  i s  p o s s ib le  t h a t  com panies avoided  o f f e r in g  s in k h o le  in su ra n c e  

b ec au se  o f  a  la c k  o f  a c t u a r i a l  e x p e rie n c e  p r i o r  to  passag e  o f th e  b i l l .

The p o s s i b i l i t y  i s  g iv en  s u p p o rt  by th e  r e s is t a n c e  o f f e re d  to  th e  p ro ­

posed  in s u ra n c e  re q u irem en t when th e  s e n a te  h e ld  h e a r in g s  on i t s  b i l l .  

A f te r  p a s sa g e , th e  companies took th e  ex trem e s te p  o f form ing a  p o o l to  

h a n d le  a l l  s in k h o le  c la im s .1^ For l a r g e r  s t r u c t u r e s ,  where p r o f e s s io n a l  

c o n s u l ta t io n  i s  e s s e n t i a l ,  s u b -s u rf a c e  e x p lo ra t io n  i s  u sed  to  v a ry in g  

d e g re e . W hile in d iv id u a l  homeowners may o r may n o t w ish  s in k h o le  i n ­

s u ra n c e , a t  t h e i r  o p t io n , th e  b u i ld e r s  of m ajor s t r u c tu r e s  f in d  th e  

t h r e a t  o f  s in k h o le s  an u n a c c e p ta b le  r i s k ,  and pay c o n s u l ta n t  f e e s ,  as

a  form  o f  in su ra n c e  in  advance .

* N e il Webb, A sso c ia te  D ire c to r  o f P la n n in g , U n iv e r s ity  o f F lo r id a
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H azards to  Equipment and L iv e s to c k

No s p e c i f i c  c o m p ila tio n s  i n  t h i s  c a te g o ry  cou ld  be found by t h i s  

r e s e a r c h e r ,  a f t e r  e x te n s iv e  ca n v ass in g  o f  in su ra n c e  o f f ic e s  and r e le v a n t  

government ag e n c ies  w ith  r e s p o n s ib i l i t i e s  in  the s tu d y  a r e a .  Y e t, th e se

h a z a rd s  a re  g e n e ra l ly  re c o g n iz e d  to  e x i s t  as p a s t  and p re s e n t  phenomena.

R eso rt was th en  made to  p e r s o n a l  in te rv ie w s  w ith  a g r ic u l tu r a l  o f f i c i a l s  

and fa rm ers  in  th e  s tu d y  a r e a  o v er a p e r io d  o f two y e a r s .  These in te rv ie w s  

c o n s t i t u te  a s e r i e s  o f  f i e l d  n o t e s ,  and from  th e se  a  s y n th e s is  h as  been

made to  o u t l in e  th e  e x i s t i n g  s i t u a t i o n .

In  th e  ca se  o f Levy C ounty, a  s p e c ia l  p r o je c t  un d er th e  1970 A g r ic u l­

t u r a l  C o n serv a tio n  Program  was i n i t i a t e d  by th e  A g r ic u l tu r a l  S ta b i l i z a t io n  

and S o i l  C o n serv a tio n  S e rv ic e  D i r e c to r ,  Mr. Frank B u llo c k , a t  th e  county

s e a t ,  B ronson, F lo r id a .*  H is recom m endations r e s u l te d  in  f e d e r a l  fu n d in g

f o r  a program  o f f i l l i n g  s in k h o le s  on farm s on a c o s t - s h a r in g  b a s i s ,  

w herein  up to  50 p e r c e n t  o f th e  c o s t  i s  p a id  by th e  ASCS, and w ith  up to  

80 p e r c e n t  p ay a b le  in  th e  ca se  o f  low -incom e fa rm e rs . C e rta in  o f  th e  

j u s t i f i c a t i o n  o f f e re d  f o r  th e  program  i s  quoted  h e re  because i t  s e t s  

f o r th  o f f i c i a l  p e r c e p t io n  o f  th e  h a z a rd  and problem  a t  th e  county  com-

15m itte e  l e v e ls .

I f  an in d iv id u a l  i s  u s in g  one o f  th e se  h o le s  o r  o th e r
open lan d  as  a  dump f o r  h i s  g a rb ag e , o r  i f  he i s  a t ­
tem p tin g  to  f i l l  in  one by means o f o ld  a u to  b o d ies
o r  ju n k ed  a p p l ia n c e s ;  he i s  ru n n in g  th e  r i s k  o f  p o i­
son ing  n o t  o n ly  h i s  own fa m ily , b u t  h i s  n e ig h b o r 's  
as w e l l .  At tim e s th e  underground w a te r l e v e l  r i s e s  
and d is s o lv e s  th e  r e f u s e  t h a t  h as  been p la c e d  th e re ,  
th en  s u b s id e s  to  c o n tin u e  i t s  w estw ard f lo w . I f  a

* In te rv ie w  w ith  Mr. Frank  B u llo c k , Levy County D i r e c to r ,  A g r ic u ltu r a l  
S ta b i l i z a t io n  and C o n serv a tio n  S e rv ic e  , 1971.
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sh allo w  w e ll  h a s  been, sunk  in  th e  p a th  o f t h i s  flo w , 
i t  i s  h ig h ly  p ro b a b le  t h a t  b i t s  o f g a rb ag e , m e ta l , 
l iv e s to c k  d ro p p in g s , and even p e s t i c id e s  cou ld  be 
d is s o lv e d  in  a  f a m i ly 's  su p p ly  o f d r in k in g  w a te r .

C it in g  th e  e x is te n c e  of a  s p e c ia l  p roblem  a f f e c t in g  some 200 farm s 

in  Levy County, where " s in k h o le s  f a l l  i n to  underground s trea m s a f t e r  

heavy r a in s , "  Mr. B u llo c k  s t a t e d  t h a t  th e  h o le s  p re v e n t norm al c u l tu r a l  

o p e ra tio n s  and th e  g ra z in g  of l iv e s to c k  on crop  and p a s tu re  la n d . The 

s in k h o le s  a l s o  cause perm anent damage to  th e  la n d  and a c c e le ra te d  e r o s io n , 

i f  n o t  p ro p e r ly  t r e a t e d .  F i l l i n g  o f th e  s in k h o le s  was recommended, w ith  

th e  e s t im a te  t h a t  some 100 o f th e  200 farm s would u se  th e  p r a c t i c e  i f  

a p p roved . I t  was e s t im a te d  th a t  th e  c o s t  o f f i l l i n g  th e  h o le  would vary  

from  $5 to  $30 p e r  h o le ,  and t h a t  among th e  c o n se rv a tio n  b e n e f i t s  to  be 

d e r iv e d , in  a d d i t io n  to  p o l lu t io n  p re v e n t io n , w ould be r e h a b i l i t a te d  

fa rm la n d . The m a t te r  o f  p o l lu t i o n  i s  a s e p a ra te  to p ic  and w i l l  be a m p lif ie d  

in  a s e c tio n  w hich  fo llo w s .

A p re s s  r e le a s e  in  Jan u ary  o f 1971, some 18 months l a t e r ,  re p o r te d
16

th a t  th e re  a re  many more s in k h o le s  to  be f i l l e d .  Only abou t tw enty 

fa rm ers  had p a r t i c ip a t e d  in  th e  program , a  low resp o n se  in  com parison to  

th e  s i z e  o f th e  p roblem ; and answ ers w ere so u g h t in  th e  f i e l d .  In  th e  

D i r e c to r 's  v iew , governm ent program s a lre a d y  in v o lv e  much o f  a  f a rm e r 's  

tim e w ith  paperw ork , and th e  s in k h o le  p r o j e c t  added to  th e s e  demands.

More im p o r ta n t , how ever, was th e  f a c t  t h a t  fa rm ers  had to  fund h a l f  th e  

c o s t s ,  and th e  fa rm ers  in  th e  s tu d y  a r e a ,  o f which Levy County i s  r e ­

p r e s e n ta t i v e ,  w ere a lre a d y  p lag u ed  by i n s u f f i c i e n t  incom es. Thus, th e  

fa rm ers  had to  a s s ig n  t h e i r  funds to  even h i g h e r - p r io r i t y  n e e d s , and 

no cu re  fo r  t h i s  p roblem  i s  in  s i g h t .  W hile Levy C oun ty 's  e x p e rien c e
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has been  c i te d  h e r e ,  th e  s in k h o le  problem  e x i s t s  o v er much of th e  e n t i r e  

s tu d y  a r e a .

From th e  in te rv ie w s  w ith  fa rm e rs , t h i s  p ic tu r e  em erges. S inkho les  

a re  t r e a t e d  when th ey  become enough of a t h r e a t  to  re q u ir e  some form  of 

a t t e n t i o n .  One fa rm er plow ing a  6 0 -a c re  f i e l d  fo r  row crops d e sc rib e d  

a chimney two f e e t  wide and tw elve f e e t  deep which had opened up as  h is  

t r a c t o r  p asse d  over i t . *  H is r e a c t io n  was to  be g r a te f u l  t h a t  n e i t h e r  

he n o r  h i s  t r a c t o r  had f a l l e n  i n ,  th e  h o le  b e in g  c e n te re d  e x a c t ly  under 

th e  m achine . He then  marked th e  h o le  w ith  a lim b , and co n tin u ed  p low ing . 

Four o th e r  s im i la r ly  marked new h o le s  were n o ted  w ith in  th e  space o f  an 

a c r e .  O ther im p o rta n t p a r t s  o f  th e  6 0 -a c re  r e c ta n g le  w ere unused and in  

b ru s h . These w ere th e  s i t e s  o f b o th  o u tc ro p s  and s in k h o le  c o n c e n tra tio n s .  

O th er fa rm e rs , when asked  abou t s in k h o le s  opening  when heavy equipm ent 

was in  u s e , s a id  sim ply t h a t  th ey  "lo o k ed  o u t fo r  i t " .  A ll  fa rm ers  i n t e r ­

v iew ed e i t h e r  had had s im i l a r  e x p e r ie n c e s ,  o r  were f a m i l ia r  w ith  th o se  

o f  o th e r s .

L iv e s to c k  lo s s e s  a re  n o t re c o rd e d , b u t  a re  co n s id e red  to  be common.

One o f  th e  fa rm ers  who was a  p a r t i c ip a n t  in  th e  Levy County f i l l i n g  program  

h ad  c o n tr ib u te d  $1500 as  h i s  h a l f  o f  th e  p r o j e c t .  H is farm  h as  l o s t  32 

hogs in  s in k h o le s  over a  p e r io d  o f y e a r s .  Ongoing lo s s e s  o f  in d iv id u a l  

h o g s , cows and ca lv es  w ere common knowledge to  a l l  fa n n e rs  q u e s tio n e d .

The p ho tograph  o f th e  Brahma c a l f  s tra n d e d  in  a  sm all s in k h o le , F ig u re  18, 

was tak e n  by th e  w r i t e r  d u rin g  one o f  th e  f i e l d  t r i p s . The anim al was 

a lo n e  in  a  l a r g e  p a s tu re  and i t s  s u r v iv a l  w ith o u t w a te r  could  n o t  have

* Mr. C laude Sache, Levy Cotinty fa rm er
**Mr. Vance W atson, Levy County fa rm er
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b een  o f long  d u r a tio n . The farm  owner was n o t i f i e d  and th e  in c id e n t  

ac c e p te d  m a t t e r - o f - f a c t l y  and r o u t in e ly ,  a lth o u g h  Brahma c a lv e s  a re  

v a lu a b le  a n im a ls . The p o in t  i s  made th a t  th e  s in k h o le  h az ard  to  l i v e ­

s to c k  i s  ac ce p te d  as p a r t  of th e  o p e r a t io n , no more and no l e s s .

A nother fa rm er in  Levy C ounty, whose p a s tu re s  c o n ta in  dozens o f 

sm all chimneys s t a t e d  t h a t  th ey  l o s t  c a t t l e  b ecause o f  broken  le g s  

(m ost chimneys were on th e  o rd e r  o f 6 in c h e s  a c ro ss  a t  th e  s u r f a c e ) , 

and when asked  i f  th e  s lo w ly  g ra z in g  an im als cou ld  n o t avo id  th e  h o le s ,  

s a id ,  "Yes, u n t i l  th ey  g e t  to  p la y in g ." *  A gain, th e  p o in t  i s  made th a t  

s in k h o le  l o s s e s ,  w h ile  r e g r e t t e d ,  a re  t o l e r a te d  u n le s s  they  g e t  too 

h ig h . As has been n o te d  e lse w h e re , th e  u s u a l  home remedy i s  to  f i l l  

i n  w ith  ro c k , or an y th in g  e l s e ,  in c lu d in g  p o l l u ta n t s ,  o r  to  fence around , 

o r  a t  l e a s t  to  " p o s t" .  In  th e  ca se  of th e  sm all chimneys none o f th e se  

s o lu tio n s  was f e a s ib l e .  The e n t i r e  p a s tu re  was fenced  around and an 

a d jo in in g  borrow  p i t  was fe n ced  o f f ,  b u t  th e  in d iv id u a l  h o le s  w ere too  

num erous, and th e  p a s tu re  had to  be u sed , i f  a t  a l l ,  s u b je c t  to  o c c a s io n a l 

c a l f  l o s s e s .

The fo re g o in g  re p re s e n t  a good sam pling  o f  th e  numerous in c id e n ts  

d is c u s s e d  and o b s e rv a tio n s  made in  th e  s tu d y  a r e a .  In  th e  judgm ent o f 

t h i s  s tu d e n t ,  they  r e f l e c t  a  p a t t e r n .  K a rs t  h a z a rd s  a re  a  d i r e c t  t h r e a t  

to  equipm ent and to  l i v e s to c k .  A djustm ents a re  made a c co rd in g  to  th e  

s c a le  of th e  t h r e a t ,  and v a ry  from  " p o s tin g "  a dangerous h o le ,  to  f i l l i n g  

in  v a r io u s  w ays, to  fe n c in g  o f f  an a re a  and w orking around i t ,  to  f i l l i n g

* Mr. F red  G ig l ia ,  Levy County Farm er
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w ith  f e d e r a l  h e lp ,  to  th e  a c c e p ta n c e  of l iv e s to c k  lo s s e s ,  to  th e  com­

p l e t e  abandonment o f p o r t io n s  o f th e  la n d .

H azards to  Humans -  P o llu t io n

In  a d d i t io n  to  th e  a c c id e n ta l  t h r e a t  to  men who a re  o p e ra tin g  

m achinery  around c o l la p s ib le  ground , th e re  i s  a more p e rv a s iv e  and 

l a r g e  s c a le  h az a rd  in  th e  sp re ad  o f p o l lu ta n t s  w hich i s  made p o s s ib le  

by th e  s u b su rfa c e  movement o f  w a te r  in  k a r s t  t e r r a n e ,  and i t s  a c c e s ­

s i b i l i t y  to  humans from th e  s u r f a c e .

In  th e  Levy County s in k h o le - f i l l i n g  program  r e f e r r e d  to  in  th e  

p re c e d in g  s e c tio n  c o n se rv a tio n  g a in s  were c i t e d  a s  one o f  th e  b e n e f i t s .  

A nother o b je c tiv e  was th e  c o n t ro l  o f p o l l u ta n t s .  The problem  was de­

s c r ib e d  fo r  Levy C oun ty 's  pu rp o se s  a s  one where s in k h o le s  open in to  

underground s trea m s a f t e r  heavy r a in s .  When n o t p ro p e r ly  f i l l e d ,  t h e i r  

p re se n c e  u s u a l ly  r e s u l t s  i n  th e  co n ta m in a tio n  o f underground w a te r  

w hich , in  most c a s e s , i s  u sed  on th e  same farm s o r n ea rb y  towns f o r  

d r in k in g  w a te r and e v e n tu a l ly  ends up in  s p r in g s  o r  r i v e r s . ^

The p o l lu t io n  problem  i s  n o t  o f co u rse  l im i te d  to  th e  200 a f f e c te d  

farm s o f Levy C ounty. I t  a p p l ie s  to  m ost of th e  farm s and p o p u la tio n  

c e n te r s  o f th e  e n t i r e  s tu d y  a r e a .

The d i s t r i b u t i o n  of th e  farm s and c e n te r s  th ro u g h o u t th e  s tu d y  

a r e a  d e f in e s  th e  g e o g ra p h ic a l b re a d th  o f th e  p roblem , and th e  s iz e  

o f  th e  p o p u la tio n  c e n te r  adds p r o p o r tio n a te ly  to  th e  i n t e n s i t y .  G aines­

v i l l e  i s  th e  l a r g e s t  c e n te r ,  i s  in  th e  h ig h e s t  v u l n e r a b i l i t y  c a te g o ry , 

and h as  a  w a te r p o l lu t io n  p roblem , w hich h as  been  an o b je c t  o f sh arp  

c o n tro v e rsy  f o r  y e a r s .  The problem  i s  w e ll  documented and needs only  

p a s s in g  re fe r e n c e  h e re  to  i l lu m in a te  th e  p o in t .
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For a  number o f y e a rs  th e  U n iv e r s ity  of F lo r id a  has d isp o sed  of i t s

sewage e f f l u e n t  in to  Lake A lic e , a k a r s t  f e a tu r e ,  on th e  w est s id e  of

th e  campus, i n  an a r e a  o f Eocene o u tc ro p . The la k e  av e rag e s  100 a c res

in  a r e a ,  w ith o u t n a tu r a l  o u t l e t s ,  and th e  sewage e f f lu e n t  i s  from 15 to  

18
25 m i ll io n s  of g a llo n s  p e r  day . To th i s  i s  added 12 m i ll io n  g a llo n s  

p e r  day of th e rm a lly  p o l lu te d  w a te r from th e  U n iv e r s ity  H e a lth  C e n te r 's  

steam  p la n t ,  so t h a t  27 to  37 mgd a re  poured  in to  th e  la k e .  Most of 

t h i s  i s  channeled  o u t th rough  two deep 2 4 -in c h  w e lls  w hich d ra in  in to  

th e  F lo r id a n  a q u i fe r  below . As th e  c i t y  o f G a in e s v i l l e 's  p o p u la tio n  i n ­

c re a se d  in  th e  1950' s ,  and in c re a s in g  demands were made upon th e  c i t y 's  

w e ll  f i e l d s ,  s e v e ra l  in s ta n c e s  o f p o l lu t io n  o f th e  f i e l d s  w ere n o te d .

One is o to p e  s p i l l  from  th e  U n iv e r s ity  M edical C en ter r e p o r te d ly  t ra v e le d

th e  f iv e  m ile s  to  th e  w e ll  f i e l d s  in  j u s t  ten  h o u rs . As t h i s  i s  w r i t t e n ,

19
th e  problem  s t i l l  a w a its  s o lu t io n .

P a r t  o f th e  problem  o f p o l lu tio n  i s  th e  need f o r  o f f i c i a l s  to  d i s ­

pose o f th e  d a i ly  sewage o f an in c re a s in g  p o p u la tio n  by u s in g  th e  means 

a t  hand , r a th e r  th an  w a it in g  on o th e r  e v e n ts .  Again in  th e  G a in e s v il le  

a r e a ,  in  1972, th e  c i t y  government had proposed  th e  use  o f  th e  Kanapaha 

Lake and H a ile  Sink a r e a  (so u th w e st of Lake A lic e , in  th e  Eocene o u t­

crop re g io n ) a s  a s i t e  f o r  a sewage tre a tm e n t p la n t  and th e  d isc h a rg e  

of 5 m ill io n  GPD down th e  s in k . The p ro p o sa l was r e s i s t e d  by know ledgeable 

s c i e n t i s t s  in  th e  u n iv e r s i t y  community, one o f whom rem inded th e  c i ty  

government t h a t  :

The p a s t  h i s to r y  o f ground w a te r  p o l lu t io n  in  
G a in e s v il le  shou ld  be w arn ing  enough as to  th e  
wisdom of c a r e f u l  s tu d y . The b e s t  a v a i la b le
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ev id e n ce  in d ic a te s  a l l  th e  groundw ater p o l lu t io n  
in  th e  G a in e s v il le  a re a  in  re c e n t  y e a rs  h as  been 
caused  by th e  in t ro d u c t io n  of sewage e f f lu e n t  
down s in k s  o r th rough in j e c t i o n  w e ll s .  These 
are  th e  m ethods su g g es ted  as modes fo r  d is p o s a l  
o f e f f l u e n t  in  th e  Kanapaha Lake and H a ile  Sink
a r e a .20

In M arch, 1972, The A lachua County H e a lth  Departm ent s t a t e d  th a t  16 

p e r c e n t  o f  th e  w e lls  in  th e  county w ere p o l lu te d ,  up from 11 p e rc e n t in  

1969. T his i s  an in c re a s e  of 40 p e r c e n t  in  th re e  y e a r s . ^  From the 

fo re g o in g  i t  i s  c l e a r  t h a t  on th e  i n s t i t u t i o n a l  l e v e l ,  th e  u n i v e r s i t y 's  

and c i t y ' s  p o l lu ta n t s  th r e a te n  b o th  th e  c i t y ' s  w e ll  f i e l d s ,  and th e  

F lo r id a n  a q u i f e r ,  w h ile  on an in d iv id u a l ,  as opposed to  an i n s t i t u t i o n a l  

l e v e l ,  some one w e ll  in  s ix  in  p r iv a t e  ow nership h as  a lre a d y  become p o l­

l u t e d .  F o r tu n a te ly ,  d i r e c t io n a l  movement o f underground w a te r  i s  'away 

fro m ' l a r g e r  p o p u la tio n  c e n te r s .  Map 11 shows th e  p ie z o m e tric  s u r fa c e  

a lo n g  w hich ground w a te r  moves a c ro s s  the  c o n to u rs  from  h ig h e r  to  low er 

p re s s u re  l e v e ls .  T his i s  more im p o rta n t r e g io n a l ly  th an  l o c a l l y ,  how ever, 

b u t  i t  i s  a  v i t a l  p a r t  o f  f u tu r e  p la n n in g  p r o j e c t s .

R etu rn in g  to  th e  r u r a l  p o r t io n s  o f th e  s tu d y  a r e a  now, th e  m ajor 

im p o rtan ce  o f th e  p o l lu t io n  th r e a t  i s  th e  wide a re a  o f i t s  d i s t r i b u t i o n .  

A l l  farm s w ith  s in k h o le s  w hich communicate w ith  underground s tream s a re  

p o t e n t i a l  so u rc es  o f p o l lu t i o n .  T h is  i s  b ec au se  o f th e  t r a d i t i o n a l  use 

o f  s in k h o le s  on farm s as r e fu s e  p i t s .  G arbage, ru b b is h ,  t r a s h  of a l l  

k in d s ,  and even dead an im als a re  f r e q u e n t ly  d isp o sed  o f  in  s in k h o le s .

An e d u c a t io n a l  program  i s  in  e f f e c t  in  s e v e r a l  of th e  c o u n t ie s ,  b u t  

t h e i r  d eg ree  of su c c e s s  i s  u n c e r ta in .  An example i s  t h a t  o f th e  Levy 

County R u ra l A rea Developm ent C o u n cil, which p re p a re s  and c i r c u l a t e s
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P IE Z O M E T R IC  S U R F A C E

penetrate the major

Map 11
Source: Florida Geological Survey
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b ro c h u res  to  urge re s id e n ts  to  d isp o se  o f a l l  re fu s e  a t  county l a n d f i l l  

s i t e s .  County H ealth  O f f ic e r s  l ik e w is e  advocate  h y g ie n ic  m easures, 

ag a in  w ith  only  p iecem eal r e s u l t s .  Throughout t h i s  o b s e r v e r 's  v i s i t s  

in  th e  f i e l d ,  the s ig h t  o f s in k h o le s  as re fu s e  p i t s  was commonplace.

The w r i t e r  h o ld s  th e  view th a t  th e  p u b l ic  h e a l th  s i tu a t io n  w i l l  have to  

g e t  w orse b e fo re  i t  s t a r t s  g e t t in g  b e t t e r ,  because  even on l a r g e ,  p ro s ­

pero u s fa rm s, th e  b od ies  o f hogs, dogs and c a lv e s  could  be seen in  s in k ­

h o le s  lo c a te d  n e a r  th e  farm houses. The p o l lu t io n  h az ard  d i r e c t ly  a t t r i b ­

u ta b le  to  k a r s t  fe a tu re s  may w e ll  be l ik e n e d  to  th o se  e v e n ts  which Burton

and K ates term , "T oday 's a c t s  of God, becom ing tom orrow 's a c ts  o f c r im in a l 

22
n e g lig e n c e . R esp o n sib le  county o f f i c i a l s  in  many d epartm en ts  a re  p e r ­

s i s t e n t  in  t h e i r  e d u c a tio n a l e f f o r t s  h e r e ,  as a re  th e  s c h o o ls .

H azards to  Humans -  S prings

The to p ic  o f s p rin g s  in  k a r s t  t e r r a n e  h as  a number o f  f a c e t s .  The 

th r u s t  o f  t h i s  c h a p te r  on h az ard s  i s  on th e  n e g a tiv e  a s p e c ts ,  so  t h i s  s e c ­

t io n  w i l l  d e a l  w ith  th e  s p e c ia l  h a z a rd s  to  human l i f e  posed  by th e  p re ­

sence o f th e  many k a r s t  s p r in g s .  The s p r in g s  and t h e i r  s u r fa c e  o u t l e t s ,  

c a l le d  " ru n s"  in  th e  lo c a l  a r e a ,  a re  p a r t i c u l a r l y  a t t r a c t i v e  fo r  r e c r e ­

a t i o n ,  and have been so re g ard e d  s in c e  th e  e a r l i e s t  s e t t le m e n t .  The 

f re q u e n t d isc o v e ry  o f In d ian  a r t i f a c t s  a t  a n c ie n t  l e v e ls  a ls o  a t t e s t s  to  

th e  a n t iq u i ty  o f  t h i s  ap p e a l to  man. In  re c e n t  y e a r s ,  as scuba d iv in g  

h as  become p o p u la r , th e re  has  been a ls o  an in c re a s in g  t o l l  o f human l i f e  

under th e  w a te rs . A la rg e  sh a re  of th e  k a r s t  s p r in g s  o f F lo r id a  a re  in  

and n e a r  th e  s tu d y  a r e a ,  and th e se  have been  th e  s i t e s  o f an e q u a lly  

la rg e  number o f th e  d iv in g  d e a th s .  A sam pling  o f re c e n t  new spaper b r i e f s  

i s  l i s t e d  h e re :
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CAVE DIVER JOINS BROTHER IN DEATH23

B ro o k s v ille , F lo r id a .  A re co v ery  team has found 
th e  body o f 2 6 -y e a r-o ld  d iv e r  Randy H il to n , who drowned 
in  a  3 0 0 -fo o t deep s in k h o le  10 y e a rs  a f t e r  h i s  b ro th e r  
d ied  w h ile  e x p lo r in g  a n o th e r  u nderw ater cave system . 
(L a rry  H ilto n  drowned n e a r  High S p rin g s , A lachua County, 
10 y e a rs  ag o .)

THREE DIVERS DROWN IN LITTLE RIVER SPRINGS24

Live Oak, F lo r id a .  Three young men from New 
Je r s e y  d ied  w h ile  d iv in g  h e re  Sunday, S h e r i f f  J .  M. 
P h i l l i p s  r e p o r te d .

3 CAVE DIVERS DROWN IN SPRING25

M arianna, F lo r id a .  Three men from a Columbus, 
G eorg ia, sk in  d iv in g  club  drowned S atu rday  in  an 
u n d erw ater cave n e a r  t h i s  Jackson  County town.

The N a tio n a l O bserver fo llo w ed  up on th e  d e a th s  a t  L i t t l e  R iver 

S p rin g s w ith  a g e n e ra l  comment on th e  ap p e a l o f th e  F lo r id a  s p r in g s : 1

Cave d iv e r s  c o n s id e r  th e  F lo r id a  s p r in g s  a r e a  th e  
b e s t  p la c e  in  th e  w o rld  to  p r a c t i c e  t h e i r  s p o r t .  The 
s p r in g s  bubb le  from a  v a s t  netw ork  of underground s trea m s 
a t  an e x a c t 72 d e g re e s . I t ’ s i d e a l  f o r  d iv in g  becau se  
o f th e  w a te r 's  e x tra o rd in a r y  c l a r i t y ,  and th e  e n d le ss  
tu n n e ls  o f f e r  a  co rn u co p ia  o f m arine d e l ig h t s :  f o s s i l s ,
In d ia n  r e l i c s ,  and g lim pses  of b r e a th - ta k in g  n a tu r a l  
a r c h i t e c t u r e .

But because cave d iv e rs  canno t s u r f a c e  q u ic k ly  i f  
th ey  g e t  in to  t r o u b le ,  th ey  a re  encouraged  to  ta k e  p re ­
ca u tio n s  t h a t  a re  th o u g h t to  be  un n ec essa ry  f o r  open- 
w a te r  d iv in g .

Cave d iv in g , s a f e  though i t  may be f o r  e x p e rien c ed  
d iv e r s ,  h as  unique r i s k s .  S ince  1960, a c co rd in g  to  th e  
F lo r id a -b a se d  N a tio n a l A sso c ia tio n  fo r  Cave D iv in g , 180 
d iv e rs  have d ied  in  F lo r id a  o r  o f f  i t s  c o a s t .  Of th e s e ,  
90 d ied  in  caves— and 16, in c lu d in g  th e  3 New J e r s e y  men, 
d ied  in  L i t t l e  R iv er S p rin g s .
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I t  i s  c le a r  t h a t  th e  sp rin g s  and t h e i r  underw ater fe e d e r  stream s 

and g a l l e r i e s  have a s p e c ia l  a p p e a l, and a re  a s p e c ia l  h a z a rd  fo r  w hat­

e v e r re a so n , to  modem scuba d iv e r s .

H azards and Problem s f o r  Highways

The D epartm ent o f T ra n s p o r ta tio n  (o r  S ta te  Road D epartm ent) h as  a 

v a r ie ty  o f  problem s c o n c ern in g  s in k h o le s .  (See F ig u re  1 9 ) . The m ajor 

e f f o r t  i s  d i r e c te d  tow ard p re v e n tio n  and m in im iza tio n  o f h a z a rd s  where 

DOT r e s p o n s ib i l i ty  i s  concerned . The ty p es  o f problem s th a t  may a r i s e  

a re  c a te g o r iz e d  as  fo llo w s :

(1) s in k h o le s  may be e n c o u n te re d  on c o n s tru c t io n  s i t e s  
and must be f i l l e d  b e fo re  paving  can be com pleted ;

(2) s in k h o le  "d ro p -o u t"  may o ccur d u rin g  c o n s tru c t io n , 
c o n s t i t u t i n g  h a z a rd  to  men and equipm ent;

(3) s u r f a c e  su b sid en ce  may c rack  o r  o th e rw ise  damage 
ro a d s ;

(4) b r id g e  fo u n d a tio n s  may be a f fe c te d  by su b s id e n c e .

These a re  r e a l  problem s th a t  o cc u r s ta te w id e  b u t a r e  o f te n  more

pronounced in  a re a s  w here lim e s to n e  i s  very  n e a r  th e  s u r f a c e .

R ecords in  th e  f i l e s  o f th e  R esearch  and T e s tin g  D iv is io n s  of th e  

F lo r id a  D epartm ent o f T ra n s p o r ta tio n  show th a t  th e  agency has d e a l t  w ith  

hundreds o f  h az a rd s  and problem s o f  a l l  fo u r  k in d s  l i s t e d .  E x ten siv e  

re s e a rc h  h as  been c a r r ie d  o u t ,  p a r t i c u l a r l y  in  re g a rd  to  b rid g e  lo c a tio n s  

i n  " s in k h o le -p ro n e "  a r e a s .

Numerous exam ples o f s in k h o le  problem s a re  re c o rd e d , of which a 

h ig h  p e rc e n ta g e  o ccur in  th e  Eocene o u tcro p  a r e a .  S p e c ia l  s in k h o le  r e ­

p o r t  forms a re  f i l e d  fo r  each  re p o r te d  s in k h o le . The Highway M aintenance 

D epartm ent re c e iv e s  th e  i n i t i a l  n o t ic e ;  th ey  in  tu rn  a l e r t  th e  R esearch
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D iv is io n  who d is p a tc h  a g e o lo g is t  and o th e r  s p e c i a l i s t s  to  th e  s i t e .  

P r in te d  forms in c lu d e  th e  fo llo w in g  s ta n d a rd iz e d  item s o f in fo rm a tio n :

County_________ ___________

Road # ___________

D ate ___________

D iam eter ___________

Depth ___________

Township ___________

Range ___________

S e c tio n ________ ___________

Comments_______ ___________

The item  "comments" o f te n  c o n ta in s  s u b je c t iv e  d e s c r ip t iv e  n o te s  

con cern in g  th e  s in k h o le . There i s  u s u a l ly  a diagram  and o f te n  p ho to ­

g raphs a t ta c h e d  to  th e  r e p o r t  form . In  some ca ses  s p e c ia l  r e p o r ts  a re  

f i l e d  by th e  g e o lo g is t  a f t e r  e x te n s iv e  s tu d ie s  have been made. E v i­

d e n tly  th e  b re a d th  and e x te n t  o f  th e  r e p o r t s  a re  in  d i r e c t  p ro p o r tio n

to  th e  se r io u s n e s s  of th e  in d iv id u a l  s i t u a t io n .  Dozens o f m inor s in k ­

h o le s  a re  o n ly  m entioned in  th e  one s ta n d a rd  r e p o r t ,  w hereas r e s e a rc h  

in  d ep th  has been c a r r ie d  o u t on troub lesom e a r e a s .

U. S. 19 and 98 ( a ls o  S. R. 55) th rough  C h ie flan d  has long  been an

a re a  where road c o n s tru c t io n  crews were hampered by s in k h o le s .  Some 

caved in  p r e c ip i to u s ly ,  w h ile  o th e r s  w ere a lre a d y  p re s e n t  in  th e  lim e­

s to n e  t e r r a n e .  The s in k h o le  problem s w ere so lv ed  in d iv id u a l ly  as th e  

s i tu a t io n  w a rra n te d . T ab le  11 c o n ta in s  a  t a b u la t io n  o f  some o f th e  

methods used to  c lo se  th e  v o id s  in  pavement o r  in  r ig h t-o f -w a y  la n d .
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T ab le  11 P ro c e d u re s  and Comments on S p e c i f ic  S in k h o le  P roblem s E n co u n te red  by th e  D epartm en t o f  T r a n s p o r ta t io n

D im ensions * 
(D ia m e te r and D epth) P ro ce d u re Comments

7 ' x 3 ’ C lean  o u t th e  s in k h o le ,  to  some d e p th , by means 
o f  a  d r a g l in e ;
P la c e  r i p r a p ,  such  as  b ro k e n  p ie c e s  o f  c o n c re te  
pavem ent, in  th e  bo tto m  o f  th e  e x c a v a tio n ;
P la c e  c r o s s  t i e s ,  some s o r t  o f  m e ta l  p o le s  o r  
r a i l s ,  on to p  o f  th e  r i p r a p ;
P la c e  a  l a y e r  o f  dry  cem ent, c o n s i s t i n g  o f  a 
m ix tu re  o f  3 b ag s o f  san d  to  1 o f  cem ent, on 
to p  o f  th e  c r o s s  t i e s ;
B a c k f i l l  and com pact s u i t a b l e  f i l l  m a te r ia l ;  
P la c e  and com pact a  one f o o t  th ic k  l a y e r  o f  
l im e ro c k  su b b a se ;  and 
P a tc h  th e  pavem ent.

Follow  3" r a i n .

2 ' x  3 ' P a tc h e d  w ith  s a n d - c la y  and s a n d - a s p h a l t  co ld  
m ix , th r e e  t im e s ,  b u t  c o n tin u e s  to  s e t t l e  a t  
r a t e  o f  2"  to  4" p e r  w eek.

C o n s id e ra b le  d i f f i c u l t y  w ith  s in k ­
h o le s  i n  t h i s  a r e a  i n  th e  p a s t .

NA F i l l  th e  h o le  w ith  l im e ro c k  o r  s u i t a b l e  m at­
e r i a l  to  a  p o in t  17" -  20" below  th e  s u r f a c e .  
Then p o u r 10" -  12" cem ent to  s e a l  th e  ro c k . 
C om plete th e  jo b  by f i l l i n g  and p a c k in g  w ith  
s u i t a b l e  m a t e r ia l .

Geology s e c t io n  w i l l  i n v e s t i g a t e  
f u r th e r  a s  soon  as p o s s ib le .
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3 x 22 Cap th e  h o le  w i th  a 9" th i c k  c o n c re te  s l a b ,  
u s in g  5 /8 "  r e in fo rc e m e n t s t e e l .  The cap 
w ould be p la c e d  on th e  h o le  a f t e r  f i l l i n g  
i t  w ith  e i t h e r  c la y  o r  l im e ro c k .

W ill  p ro b a b ly  d r i l l  th e  a r e a  
l a t e r .

4 h o le s  ( s i z e  
n o t g iv en )

F i l l  th e  to p  p o r t io n  o f  ea ch  h o le  i n  th e  
lim e s to n e  w ith  a  s o i l- c e m e n t  m ix tu r e .  T h is  
w i l l  p re v e n t  th e  s u r f i c i a l  m a te r ia l s  from  
b e in g  c a r r i e d  down i n t o  th e s e  s o l u t i o n 's  
f e a t u r e s .

I t  i s  recommended t h a t  a  p o r t i o n  
o f  th e  s h o u ld e r  and d i t c h  be 
t r e a t e d  w ith  s o i l- c e m e n t  to  i n ­
s u re  t h a t  no su b s id e n c e  w i l l  
o c c u r.

10 x 5 (p lu s  a 
40-50  f o o t  c ra c k  
in  th e  same a re a )

NA C oring  re v e a le d  t h a t  th e  a r e a  in  
q u e s t io n  i s  p e r f o r a te d  w ith  
s m a ll  v o id s . We f in d  no p r a c t i ­
c a l  means o f  a s s u r in g  o u rs e lv e s  
t h a t  th e  f i l l  w i l l  b e  s t a b l e .

5 s in k h o le s  
(2 o ld  and 3 new)

Recommend t h a t  a c t iv e  a r e a  be  b r id g e d , 
su p p o r te d  by p i l i n g  r a t h e r  th a n  
f o o t i n g s .

I t  w ould a l s o  be b e s t  i f  th e  
a d d i t i o n a l  lo a d  o f  th e  p i l i n g  
and b r id g in g  n o t  be su p p o r te d  by 
ro c k  d i r e c t l y  o v er th e  la r g e  
c a v i ty .  T h is  co u ld  be accom­
p l i s h e d  b y : 1) D r iv in g  p i l i n g  
th ro u g h  th e  c a v i ty  to  th e  b o t ­
tom o f i t  and s e a te d  in  th e  
ro c k , o r  2) S h o r te r  p i l i n g  
c o u ld  be  u sed  and d r iv e n  w here 
d r i l l i n g  h a s  shown th e  ab sen ce  
o f  c a v i t i e s .

As s t a t e d  i n  DOT r e p o r t s
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Table 11, Continued

o ld  " s in k  h o le " ,  
s o l u t i o n  f e a t u r e ,  
o r  f r a c t u r e  in  
th e  l im e s to n e

C u r re n tly  f i l l e d  w ith  l o c a l  m a te r ia l The p r o b a b i l i t y  o f  c o l la p s e  o r  
s u r f a c e  s in k in g  a t  t h i s  tim e 
seems s m a l l .

NA Recommend t h a t  th e  d e s ig n  o f  th e  m edian 
and l a t e r a l  d i t c h e s  be  such  as  to  d r a in  
s u r f a c e  w a te rs  away from  th e  roadw ay.
An a l t e r n a t e  s o lu t io n  w ould be  moving 
th e  c e n t e r l i n e  o f  th e  p ro p o se d  roadway 
sou th w ard  s e v e r a l  hu n d re d  f e e t  to  b y ­
p a s s  th e  s in k h o le .

T h is  p a r t i c u l a r  s in k  seems to  
be  r e l a t i v e l y  young, a s  i n d i ­
c a te d  by i t s  s te e p  s id e s  and 
c h a r a c t e r i s t i c s  o f  v e g e ta t io n  
grow ing  in  and around  i t - d r a i n s  
a  v e ry  s m a ll  a r e a .

NA Recommend t h a t  th e  s in k  be f i l l e d  and 
t h a t  d ra in a g e  be d i r e c t e d  away from  i t .

Caused by a  co m b in a tio n  o f  th e  
r a in s  s a t u r a t i n g  th e  sand  and 
c la y  o v erb u rd en  in c r e a s in g  i t s  
w e ig h t ,  and th e  g e n e ra l  low l e v e l  
o f  th e  ground w a te r  in  th e  a r e a .  
The ground w a te r  h e lp s  s u p p o r t  
th e  r o o f s  o f c a v i t i e s  and when 
t h i s  su p p o r t  i s  removed c o l la p s e  
i s  l i k e l y .

S e v e r a l  s in k s  
o f  s m a ll  dia-r 
m e te r  and r a th e r  
deep (>20 f e e t )

F i l l  w i th  ru b b le  and b o u ld e r s  to  w i th in  
a  few f e e t  o f  th e  s u r f a c e  and th e n  p u t  
p r o g r e s s iv e ly  f i n e r  m a te r ia l  on to p .
An a l t e r n a t e  m ethod w ould b e  to  cap 
them  w ith  c o n c re te  a f t e r  f i l l i n g  w ith  
ru b b le  o r  b o u ld e r s ,  how ever, t h i s  i s  
more e x p e n s iv e .

We can hope to  p re v e n t  l o s s  o f 
s u r f a c e  s o i l s  by u s in g  f i l l  w ith  
a  s e l e c t i v e  g r a d a t io n ,  o r  t o  
b r id g e  th e  s t r u c t u r e  by c a p p in g s .



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

8 x  4 12 x 8
12 x 10 1 - 6
10 x  5 3 x  21

5 x  5 8 x 2
25 x ? 25 x  10
15 x 16 4 x 3

8 x 7

Take s t e p s  to  b a c k f i l l  th e s e  h o l e s . S k e tch e s  e n c lo se d .

5 ’ d ia m e te r  
6 ' d ia m e te r

H oles  e x c a v a te d , b a c k f i l l e d  w ith  b o u ld e r s ,  
p la c e d  r e in f o r c in g  s t e e l  and po u re d  9" 
th i c k  c o n c re te  cap o v e r  s in k h o le s .

32 to  36 f e e t  l e f t  o f  c e n t e r -  
l i n e  o f roadw ay.

1 ,6 7 3 .2 0  s q . f t .

349 .92  s q . f t .

58 9 .6 8  s q . f t .

C o n cre te  cap

C o n cre te  cap

C o n cre te  cap

E x c a v a te d , b a c k - f i l l e d  w ith  
b o u ld e r s ,  r e in f o r c in g  s t e e l ,  
c o n c re te  ca p .

s e v e r a l  s in k h o le s F i l l e d  w ith  lim e ro c k  b o u ld e rs Betw een edge o f pavem ent a re  
d i t c h  pavem ent, u n d er and b e ­
h in d  d i t c h  pavem ent.

6 x 9 '  c o n c re te  s la b  p la c e d 20 f e e t  r i g h t  o f  c e n t e r - l i n e

10-13 h o le s Capped w ith  one s o l id  cap F i l l  i n  d u r in g  c o n s t r u c t io n
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T ab le  1 1 ,C on tinued

53 2 .8 5  s q . f t . C o n cre te  cap S in k in g  pavem ent

s m a ll  h o le P a tc h e d  w ith  a s p h a l t i c  c o n c re te  pavem ent At edge o f pavem ent

2 s in k h o le s  
i n  pavem ent

M ain ten an ce  crew  " p a tc h e d "  th e  s in k h o le s No re c o rd  k e p t o f  d a te s  o r  
e x a c t  l o c a t io n  o f th e s e  h o l e s .

s e v e r a l  s in k h o le s  
i n  r i g h t  d i t c h

F i l l e d  w ith  d i r t  when th e  jo b  was d re s s e d  
o u t .

No re c o rd s  w ere k e p t o f  th e  
l o c a t io n s  o r  s i z e s  o f  th e s e  h o le s

3 s in k s :  6 x 6 ,  
3 x 3 ,  3 x 6

F ie ld s to n e ,  f i l l  m a t e r i a l ,  and p l a n t  mix NA

2 s in k s :  3 x 3 ,  
4 x 4

F ie ld s  to n e ,  san d  cem ent, f i l l  m a te r ia l  
and p l a n t  mix

NA

3 x 4 Same as above NA

2 s in k s :  4 x 6 ,  
4 x 4

U n re p a ire d  -  e x i s t i n g NA

3 s in k s :  3 x 6 ,  
2 x 3 ,  3 x 3

F ie ld s to n e ,  f i l l  m a te r ia l  and sod  around  
d i t c h  pavem ent

NA
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S o lu t io n  w e ll  h a s  s e v e r a l  h o le s  
a t  s u r f a c e ,  b u t  a r e  b r id g e d  
betw een  w ith  s o i l .

S ink  o c c u rre d  a f t e r  heavy r a i n f a l l

F i l l e d  by m ain ten a n ce  th e  fo llo w in g  
m orning

F lam beaus p la c e d  a lo n g  edge o f 
pavem ent f o r  n i g h t .

Have had  3 s in k h o le s  in  5 0 ' 
r a d iu s  in  p a s t  6 m on ths.
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The em phasis a t  th e  p re s e n t  tim e in  th e  Departm ent o f T ra n s p o r ta t io n  

i s  on re s e a r c h , b u t m ain tenance o p e ra tio n s  a re  ro u tin e  and c o n tin u o u s . 

F ig u re  20 shows a t y p ic a l  sm all f i l l e d  h o le  by th e  ro a d s id e . Mr. Lloyd 

B u rlso n , D ire c to r  of M aintenance fo r  s e v e ra l  c o u n t ie s ,  e s t im a te d  th a t  

th e  c o s t  o f f i l l i n g  h o le s  i s  ap prox im ate ly  $1.50 p e r  cu b ic  y ard  o f v o id  

sp ac e . T h is f ig u re  re p re s e n te d  an o v e r a l l  ave rage  f o r  r e p a i r  c o s ts  on 

e x is t in g  highways and ro a d s . R e la t iv e ly  sp ea k in g , n o t many s in k h o le s  

open up under th e  pavement i t s e l f ,  b u t  th o se  in  th e  r ig h t-o f -w a y  a re a s  

a re  f a i r l y  common.

The re p o r ts  were n o t un iform  d e s p i te  th e  form at a v a i la b le .  In  

many ca ses  th e  s iz e s  o f th e  s in k h o le s  were n o t g iven  a t  a l l .  Most o f 

th e  d a ta  in c lu d e d  p ro c ed u re s  used  o r recommended and a ls o  comments con­

ta in in g  a d d i t io n a l  in fo rm a tio n  about th e  s i t u a t io n .  The n o te s  were i n ­

fo rm a tiv e  and i n t e r e s t i n g  b u t were g e n e ra l ly  u n s c i e n t i f i c  in  p r e s e n ta t io n .  

S p e c ia l s tu d ie s  by th e  g e o lo g is ts  a ss ig n e d  to  c e r ta in  p ro b lem -are as  were 

s y s te m a tic  and w e ll -p r e s e n te d .

The e n g in e e rin g  geology s e c tio n  o f th e  D epartm ent o f T ra n s p o r ta tio n  

has g iven  a t te n t io n  to  th e  problem  o f b e in g  a b le  to  a n t i c ip a te  and l o ­

c a te  g eo lo g ic  c o n d it io n s  which w i l l  cause t ro u b le  in  c o irs iru c tio n , 

e s p e c ia l ly  s in k h o le s  and c a v e rn s . E x is t in g  s in k h o le s  o r  th o se  g e o lo g ic  

f e a tu r e s  w hich have a su rfa c e  e x p re s s io n  a re  e a s i l y  lo c a te d  and mapped. 

They can o f te n  be seen  on a i r  pho tos o f  th e  a r e a .  Those f e a tu r e s ,  such 

a s  c a v e rn s , which do n o t have a su rfa c e  e x p re s s io n  a re  n o t  so e a s i l y  

lo c a te d .  T h e ir  e x is te n c e  may be in f e r r e d  b u t mapping i s  d i f f i c u l t  i f  

n o t  im p o ss ib le . In  a d d i t io n , i t  i s  a ls o  d i f f i c u l t  to  e s t im a te  th e  

e f f e c t  o f  th e s e  c o n d i t io n s , i f  any, on c o n s tru c t io n .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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Numerous experim en ts have been c a r r ie d  o u t by th e  D epartm ent o f 

T ra n s p o r ta tio n  in  T a lla h a s s e e  i n  which in f r a - r e d  im agery and o th e r  r e ­

mote se n s in g  tec h n iq u e s  were employed in  an a tte m p t to  map muck and 

s in k  a r e a s .  Only l im ite d  su cc ess  was ach ieved  and work i s  s t i l l  b e ing  

done. S. H. G r i f f i s ,  g e o lo g is t ,  p re p are d  a r e p o r t  c o r r e l a t i n g  th e

i n f r a - r e d  im agery rem ote s e n s in g  methods w ith  c o n v e n tio n a l s t e r e o - p a i r  
27

methods o f i n t e r p r e t a t i o n .  The co n c lu sio n s  w ere as fo llo w s :

1 . DOT s te r e o  p a i r s  show c o n s id e ra b ly  more s in k  fe a tu re s  
th an  rem ote s e n s in g  photography in  th e  r e p o r t .

2 . Some s u rf a c e  o r  n e a r  s u r f a c e  rock  th a t  was lo c a te d  
by rem ote se n s in g  was u n d e te c te d  on s te re o  p a i r s .

3 . Some s u r f a c e  rock  th a t  was d e te c ta b le  in  DOT s te r e o  
p a i r s  was n o t lo c a te d  by remote s e n s in g .

4 . Most o f  th e  a re a s  d e s ig n a te d  as a c t iv e  muck a re  
m erely  d ra in a g e  fe a tu re s  which r e ta i n  m o is tu re .

The in f r a - r e d  and o th e r  ty p e s  o f d i f f e r e n t i a l  s e l e c t iv e  photography 

a re  te c h n iq u e s  which show p rom ise as to o ls  f o r  th e  D epartm ent o f  T rans­

p o r t a t i o n ,  b u t on th e  p a r t i c u l a r  p r o j e c t s  com pared, r e g u la r  s te r e o  p a i r s  

showed more k a r s t  f e a tu r e s .

Much o f th e  c u r re n t  bud g et o f  tim e and money o f th e  R esearch  D iv is io n  

i s  a l lo c a te d  to  th e  B ridge B oring  Program. C o lla p se  o f  a highway b rid g e  

in  West V irg in ia  in  1967 and su b seq u e n t f a i l u r e  o f  a s t r u c tu r e  o v er th e  

A nc lo te  R iv e r in  F lo r id a  prom pted th e  s t a t e  l e g i s l a t u r e  to  p a s s  a  law 

re q u ir in g  re g u la r  in s p e c t io n  o f  b rid g e  fo u n d a tio n s . S e c tio n  1 o f  Senate 

B i l l  No. 177 s t a t e s  as fo llo w s :

P r io r  to  Ju ly  1 , 1970, and p r io r  to  Jan u a ry  1 o f each 
f i f t h  y e a r  t h e r e a f t e r ,  th e  S ta te  Road D epartm ent s h a l l  make 
a tho rough e n g in e e rin g  in s p e c t io n  o f each  b r id g e  o r  o th e r

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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s t r u c tu r e  on a l l  s ta te - m a in ta in e d  system s o f roads and 
highways in  t h i s  s t a t e  a s  to  th e  s t r u c t u r a l  soundness 
th e re o f  and as to  th e  s a f e ty  th e re o f  f o r  th e  passage 
o f  v e h ic u la r  t r a f f i c  th e re o n . The S ta te  Road Departm ent 
s h a l l  a ls o  d e v ise  and im plem ent a  program  o f su b su rfa c e  
s o i l s  e x p lo ra t io n  to  a s c e r t a in  th e  adequacy o f fo u n d a tio n  
b e a r in g  f o r  a l l  s t r u c t u r e s  in  s in k h o le  prone a re a s  o f 
th e  s t a t e .

The r e s p o n s ib i l i ty  f o r  ac co m p lish in g  th e  work re q u ire d  by th e  s t a t e  

law was g iv en  to  th e  D epartm ent o f T ra n s p o r ta t io n  M a te r ia ls  and R esearch 

O f fic e  lo c a te d  in  G a in e s v il l e .  The o f f ic e  h as  developed  a program  to  

o b ta in  equipm ent and s t a f f  and i s  p ro c ed in g  w ith  th e  w ork. The o b jec  

i s  to  d e te rm in e  which s t r u c tu r e s  m ight f a i l  because  o f fo u n d a tio n s  f a l l i n g  

in to  c a v i t i e s  o r  s in k h o le s .

The on ly  map o f " s in k h o le -p ro n e "  a re a s  in  e x is te n c e  i s  t h a t  o f 

Vernon d isc u sse d  e a r l i e r  i n  co n n e c tio n  w ith  s in k h o le  in s u ra n c e . C r i t e r i a  

f o r  th e  map were p r im a r ily  econom ic in  o rd e r  to  e s t im a te  p o s s ib le  damage 

to  s t r u c t u r e s .  The map i s  u n s u i ta b le  fo r  th e  assignm en t of b r id g e  i n ­

sp e c tio n  b u t i s  b e in g  u sed .

The h az ard s  o f s in k h o le s  a re  b e in g  re co g n ize d  by p u b lic  ag e n c ies  

and l e g i s l a t i o n  has been e n a c te d ; how ever, th e re  i s  n o t always an e f f i c i e n t  

m ethod to  u se  to  s o lv e  th e  p rob lem . I t  i s  im p o rta n t t h a t  work i s  b e in g  

done to  le s s e n  h a z a rd s , b u t  i t  i s  d i s tu r b in g  to  n o te  t h a t  th e  means a re  

in ad e q u a te  fo r  th e  t a s k .  P erhaps a compromise w i l l  come w ith  an e f f e c t iv e  

and econom ical program  in  th e  f u t u r e .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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CHAPTER VI 

LIMESTONE AS A RESOURCE 

H is to r i c a l l y ,  th e  West C e n tra l  F lo r id a  a re a  h as  used  i t s  n a tu r a l  

and human re so u rc e s  f i r s t  f o r  s u b s is te n c e  fa rm in g , o r  fo r  s to c k  r a i s in g ,  

th en  fo r  th e  e x t r a c t io n  o f f o r e s t  p ro d u c ts , and f i n a l l y  i t  h as  used  i t s  

m in e ra ls . Farming h as  su p p o rted  a sm a ll , s t a b l e  p o p u la tio n  from th e  

b eg in n in g s  o f s e t t le m e n t  a f t e r  th e  c lo se  o f th e  Second Sem inole War 

(18 4 2 ), to  th e  p r e s e n t .  The f o r e s t  p ro d u c ts  in d u s tr y  has seen  s e v e ra l  

m ild  booms and b u s t s ,  s t a r t i n g  w ith  th e  l a s t  q u a r te r  o f th e  19 th  c e n tu ry , 

when th e  v i r g in  f o r e s t s  were f i r s t  logged  o r  tu rp e n t in e d . L arge com­

m e rc ia l  f o r e s t s  and fam ily-ow ned t r e e  farm s c h a ra c te r iz e  th e  in d u s tr y  

to d ay , and th e se  to o  have le v e l le d  o f f  a lo n g  w ith  modem p r a c t ic e s  in  

r e f o r e s ta t io n  and s u s ta in e d - y ie ld  t r e e  fa rm in g . The g re a t  b u lk  o f th e  

f o r e s t  p ro d u c tio n  ends up as wood p u lp , and pu lp  p ro d u c ers  s t r i v e  fo r  

s t a b i l i t y  and th e  avoidance o f peaks and v a l le y s  in  t h e i r  p ro d u c tio n  

flo w . T his makes f o r  s t a b i l i t y  of th e  la b o r  fo rc e  and so h e lp s  to  

keep p o p u la tio n  f ig u re s  from in c r e a s in g .  R u ra l young people e n te r in g  

th e  la b o r  m arket in  a re a s  where nonfarm  employment i s  l im i te d ,  i . e . ,  

does n o t in c r e a s e ,  have to  go e lsew h ere  f o r  jo b s .  F in a l ly ,  m in e ra l 

p ro d u c ts  in  th e  Eocene o u tc ro p  a r e a  have fu rn is h e d  in t e r m i t te n t  non­

farm  wage employment to  s e v e r a l  g e n e ra tio n s  o f th e  p o p u la tio n . These 

m in e ra l p ro d u c ts  have been  lim e s to n e  as a  b u i ld in g  rock  and f o r  road 

b a s e s ,  do lom ite  fo r  use in  f e r t i l i z e r s ,  and p h o sp h ates  w ith  a  broad  

range o f a p p l ic a t io n s .
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These m in e ra ls  thus can be p la c e d  in  p ro p e r  p e r s p e c t iv e  as one o f a 

number o f n a tu r a l  re so u rc e s  used in  tu rn  as th ey  became m a rk e ta b le , 

w ith  each  p la c in g  i t s  c a ch e t in  p a r t  on th e  lan d  and economic b ase  of 

th e  o u tc ro p  a r e a s .

Limerock

F lo r id a  as p a r t  o f th e  C o as ta l P la in  P ro v in ce  i s  composed of s e d i ­

m entary  rock  and n o n in d u ra te d  m a te r ia l s  o f v a r io u s  g ra in  s i z e s .  Lime- 

rock  u n d e r lie s  th e  e n t i r e  p la t fo r m , w ith  v a r io u s  th ic k n e sse s  o f o v er­

bu rden  e x is t in g  from p la c e  to  p la c e .  As has been d e s c r ib e d , i r r e g u ­

l a r i t i e s  and movements in  th e  basem ent rocks produced th e  O cala A rch. 

Subsequent e ro s io n  exposed th e  Eocene rocks a t  th e  s u rf a c e  appro x im ate ly  

a lo n g  th e  a x is  o f th e  O cala U p l i f t .  The lim e sto n e  im m ediately  a t  th e  s u r ­

fa c e  f a c i l i t a t e d  m ining  and as  uses  w ere found, an in d u s tr y  was e s ta b ­

l i s h e d .

P r in c ip a l  m in e ra ls  in  th e  s tu d y  a r e a  a re  lim e s to n e , d o lo m ite , and 

p h o sp h a te s . A ll  have had an im pact on th e  s e t t le m e n t  and developm ent 

o f th e  a r e a .  P robab ly  th e  most s t r i k i n g  e f f e c t s  have been from th e  

m ining of p h o sp h a te , which i s  d e sc rib e d  h e re  w ith  lim e s to n e  and d o lo m ite . 

The re g io n a l  p ic tu r e  o f  m ining  as i t  a f f e c t s  th e  lan d scap e must in c lu d e  

p h o sp h a te , which (though n o t a ca rb o n a te  rock) i s  found in  v e ry  c lo s e  

a s s o c ia t io n .  M ining o f lim e ro ck  has been  con tin u o u s f o r  e ig h ty  y e a rs  and 

i s  s t i l l  im p o rta n t in  th e  economy o f  s e v e ra l  c o u n tie s  in  th e  s tu d y  a r e a .

R obert S. Wood in  1957 d e v ise d  a  g raph  showing "F u n c tio n s  and Uses 

o f L im esto n e ."  The in fo rm a tio n  c o n ta in e d  in  t h i s  graph i s  summarized
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in  T able 1 2 .^  F lo r id a  lim e ro ck  i s  n o t p r e s e n t ly  used in  a l l  th e se  ways, 

b u t i s  s u i ta b l e  f o r  such  use  in  alm o st ev e ry  c a se .

S tone was an im p o rta n t p a r t  o f  th e  s t a t e ' s  nonm etal m in e ra l p ro ­

d u c tio n  in  1970, w ith  ph o sp h ate  ro c k , s to n e ,  cem ent, sand and g ra v e l,
2

and c la y s  am ounting to  93 p e r c e n t  o f th e  t o t a l .  L imerock i s  used as 

s to n e ,  u s u a l ly  c ru sh e d . In  1970 th e  i n d u s t r y 's  r e c e ip t s  in c re a se d  3 

p e r c e n t  o v er th e  1969 v a lu e s ,  b u t  th e  tonnage mined rem ained s t a b l e .  

O utput came from 90 q u a r r ie s  in  23 c o u n tie s  and th e  h ig h e s t  use was f o r  

road  b a s e , w ith  c o n c re te  ag g re g a te  b e in g  th e  n e x t h ig h e s t  s p e c if i c  u s e .^  

In  th e  s tu d y  a re a  th e  m ining o f  lim e ro ck  i s  a v ia b le  in d u s tr y  in f lu e n c in g  

th e  appearance  o f th e  la n d sc a p e . A ccord ing  to  a  ta b u la t io n  in  th e  

M in era ls  Handbook, 1970, A lachua County h as  s ix  q u a r r ie s ,  Levy County 

th r e e ,  M arion County te n ,  and Sum ter County th r e e .  C itru s  County i s  

in c lu d e d  in  a  group o f e ig h t  c o u n tie s  w ith  n in e te e n  q u a r r ie s  and i s  

e s t im a te d  to  have th re e  to  f i v e .  These f ig u re s  re p re s e n t  q u a r r ie s  p re ­

s e n t ly  in  o p e ra tio n  and p ro d u c in g  f a i r l y  r e g u la r ly .  Evidence e x i s t s ,  

in  th e  form o f abandoned p i t s ,  o f much m ining  a c t iv i t y  in  th e  p a s t .

For th e  most p a r t  th e  lim e s to n e  in  th e  s tu d y  a r e a  i s  o f v e ry  h igh  

grade re a c h in g  a minimum o f 95 p e r c e n t  ca lc iu m  c a rb o n a te . In  many 

in s ta n c e s  i t  i s  much p u re r ,  up to  a  maximum of 9 9 .8  p e rc e n t Ca Co^. I t s  

l a r g e s t  use i s  f o r  road  c o n s tru c t io n  and i t  i s  s o ld  in  tru c k lo a d s  by 

m ining  companies f o r  $1.00 p e r  ton  f o r  t h i s  p u rp o se . There i s  a  good 

m ark e t, in  and n e a r  c e n t r a l  F lo r id a ,  fo r  th e  v ery  p u re  lim ero ck  con-

Jim  Moore, D ix ie  Lim erock and Cement Company, R eddick , F lo r id a
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T able 12 F un ctio n s  and Uses o f L im estone

A. Raw M a te r ia l

1 . Rubber 6 . S y n th e tic  W hiting
2 . C oncrete 7. Calcium C arbide
3 . S tock Feeds 8. In s e c t ic id e s
4 . Calcium Cyanamid 9. A brasives
5 . A g r ic u ltu re  (Liming) 10. G lass

B. N e u tr a l iz a t io n

1 . G aso line 7. M etal P ic k l in g  W astes
2 . C i t r ic  Acid 8 . E x p lo s iv es  W astes
3. W ater T reatm ent 9 . Chrome Chem icals
4 . Wood D i s t i l l a t i o n 10. F in e  C hem icals
5 . Sewage T reatm ent 11. Dyes t u f f
6. Calcium  Phosphates

C. Bonding Agent

1. M ortars 5 . Road S o il  S ta b l iz a t io n
2 . P la s te r s 6 . Sand-Lime B rick
3 . A sp h a lt Paving 7. S i l i c a  B ric k
4 . In s u la t io n  M a te r ia ls 8. S tuccos

D. F lo c c u la tio n

1. Sugar 4. W ater P u r i f i c a t i o n
2 . Ore F lo ta tio n 5 . S a l t  P ro c e ss in g
3 . I n d u s t r i a l  Waste T reatm ent 6 . P a in t  P igm ents

E. S o lv e n t

1 . G e la tin 4. C asein P a in ts
2 . Animal Glue 5 . S traw board
3. L ea th e r (d e h a ir in g )
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Table 12 (Continued)__________

F . H y d ro liz a tio n

1 . Soap
2 . Pulp  C lo th
3 . L u b r ic a tin g  G rease

G. F lux

1 . Alumina
2 . Open H e arth  S te e l

H. D ehydration

1 . A ir Drying
2 . P etro leum

I .  A bsorp tion

1. B leaches
2 . Gas P u r i f i c a t i o n

J .  L u b ric a n t

1 . O il-W e ll Muds
2 . Wire Drawing

K. C a u s t ic iz a tio n

1 . C au s tic  Soda
2 . Soda and S u lf a te  Pulp

S ource: Wood, 1958

4. O rganic Chem icals
5 . Ammonia

3. E l e c t r i c  F urnace S te e l
4 . N onFerrous M etals

3 . O ther O rganic S o lv e n ts
4 . A lcohols

3. S u l f i t e  Pulp
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ta in in g  no more th an  5 p e rc e n t o f im p u r i t ie s  such as sand and c la y .

There i s  an im ag inary  l i n e  ac ro s s  th e  S ta te  from e a s t  to  w est c a l le d

by m ining companies " th e  Blue L in e ,"  n o r th  of w hich th e  h ig h  grade 
4*

lim e ro ck  must be used fo r  ro a d s . The l i n e  goes th rough  P olk  County, 

w e ll  so u th  of th e  s tu d y  a r e a .  O ccas io n a l f r e e z e s  n o r th  o f t h i s  boundary 

expand th e  w a te r in  th e  roadway h e ld  by th e  c la y  and sand and cause 

c ra c k in g . Thus demand i s  enhanced fo r  th e  h ig h g rad e  rock produced in  

th e  s tu d y  a r e a  to  be sh ip p ed  so u th  from c o u n tie s  o f  M arion, Sum ter,

Levy, and C it r u s .

G ran u la ted  s to n e  i s  a lso  e x p o r te d , c h ie f ly  in  7 0 -ton  hopper c a rs  

r a th e r  th an  by t r u c k s .  The su p er f in e  grade i s  used  as m in e ra l f i l l e r  

m a te r ia l ,  m ostly  fo r  a s p h a lt .  The second f i n e s t  g rade i s  s o ld  to  make 

a s b e s to s  s h in g le s ,  and th e  c o a r s e s t  g rade  i s  u t i l i z e d  by a g la s s  manu- 

f a c tu r e r  in  Tampa, F lo r id a .  C le a r ly  road  c o n s tru c t io n  uses  p ro v id e  

th e  p rim ary  m arket f o r  lim e sto n e  in  F lo r id a .

Cement m an u fa ctu rin g  re q u ir e s  l im e s to n e , san d , and c la y —a l l  abun­

d a n tly  a v a i la b le  in  th e  w est c e n t r a l  c o u n t ie s .  (See Map 1 2 ). "H ardrock" 

lim e s to n e  found in  C itru s  County i s  u t i l i z e d  fo r  t h i s  p u rp o se . B u ild in g  

m a te r ia l  d e a le r s ,  c o n c re te  p ro d u c ts  m a n u fa c tu re rs , ready-m ix  co n c re te  

m a n u fa c tu re rs , highway c o n t r a c to r s ,  government a g e n c ie s , and m isc e l­

lan eo u s a p p l ic a t io n s  consumed th e  cement produced  in  F lo r id a  in  1970.

T his s t a t e  ra n k s t h i r d  in  the n a t io n ,  a f t e r  C a l i f o r n ia  and T exas, in  

consum ption o f cem ent.

* Jim  Moore.
* * Ib id .
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MINERAL RESOURCES

•  Gravel Pit 
Limestone Quarry

▼ Dolomite Quarry
♦  Clay Mine 

Clay Locality 
Kaolin Mine 
Kaolin Locality

□ Fuller’s Earth Locality 
Peat Field 

9  Soft Phosphate Mine 
0  Hard Phosphate Mine

DOLOMITE

LiMESTuNn

PEAT

PHOSPHATE

FULLER’S EARTH

KAOLIN

n
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C om para tive ly  sm a ll amounts o f  l im e s to n e  a re  used  in  a g r ic u l tu r e  

to  a d ju s t  s o i l  a c i d i t y  and to  " b u ild -u p "  th e  s o i l .  G e n e ra lly , do lom ite  

i s  b e t t e r  s u i te d  f o r  t h i s  pu rpose  bec au se  i t s  s low er s o l u b i l i t y  i s  l e s s  

in ju r io u s  ch e m ic a lly  to  c ro p s .

Quick lim e i s  produced  in  th e  s tu d y  a re a  and i s  used in  c e r t a in  

chem ical o p e r a t io n s ,  in c lu d in g  th e  re co v ery  o f m agnesia from  sea  w a te r ,  

p ro d u c tio n  of pu lp  and p a p e r , p ro c e s s in g  of food p ro d u c ts , t re a tm e n t of 

w a te r  s u p p l ie s ,  and n e u t r a l iz a t i o n  of w a s te s . The la rg e  D ix ie  Lime &

Cement Company o f O cala o p e ra te s  a s in g le  q u ic k -lim e  p la n t  in  Sumter 

C ounty .

The many u ses  o f lim e s to n e  in s u r e  a  f u tu re  f o r  th e  m ining in d u s tr y ;  

how ever, problem s e x i s t  w ith  r i s i n g  c o s ts  o f p ro d u c tio n . The open p i t  

method i s  u sed  f o r  F lo r id a  lim e ro ck  m in in g . O verburden i s  removed and the 

s u r f a c e  c le an ed  of c la y  d e p o s i t s .  F ig u re  21 i s  a f a i r l y  u n u su a l example of 

a c le an ed  s u r f a c e  e s p e c i a l l y  i n t e r e s t i n g  because  o f numerous s o lu tio n  p ip e s .  

Where th e  rock  i s  above th e  g roundw ater l e v e l  i t  i s  mined w ith  b u l ld o z e r s  

and lo a d e rs  o r d r a g l in e s .  I t  i s  p o s s ib le  to  mine below th e  w a te r  l e v e l  

u s in g  th e  d ra g l in e .  O ften  i t  i s  n e c e s s a ry  to  b l a s t  in  o rd e r  to  lo o sen  

th e  rock  fo r  lo a d in g .

Lim erock m in ing  com panies, such  as D ix ie  Lime Company and Cummer 

Lime Company today  h o ld  ro c k  le a s e s  from  landow ners. These a re  th e  

lan d s w hich have been p ro sp e c te d  and found to  have lim erock  w ith in  te n  

f e e t  o f th e  s u r f a c e .  A sm a ll r e t a i n e r  i s  p a id  to  th e  owner u n t i l  m ining 

m ight b e g in ,  a t  w hich tim e r o y a l t i e s  a r e  p a id  p e r  to n  e x t r a c te d .  The 

lan d sca p e  w hich c o n ta in s  r e c o v e ra b le  lim e ro ck  i s  ty p i c a l ly  r o l l i n g  and
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wooded. Hammock v e g e ta t io n  and s in k h o le s  o f te n  i n d ic a te  to  p ro s p e c tiv e  

m iners t h a t  th e  d e p o s it  i s  c lo se  to  th e  s u r f a c e .  E arly  lan d  u s e r s  

tended  to  le a v e  th e  rocky exposures  in  woods and u n c le a re d . I t  has 

been e x p la in e d  in  an e a r l i e r  s e c tio n  th a t  rocky , s i n k h o le - f i l l e d  ham­

mocks were hardwood " i s la n d s "  p a r t i a l l y  p ro te c te d  from f i r e .

D olom ite

D olom itic  lim e s to n e  re so u rc e s  a re  im p o rta n t in  only  two o f th e  

s tu d y  a r e a  c o u n t ie s ,  C it r u s  and Levy. Vernon has mapped a t  l e a s t  75 

sq u are  m ile s  o f do lom ite in  th e  two c o u n tie s  where th e re  has been p ro ­

d u c tio n  i n t e r m i t te n t ly  s in c e  th e  1 9 3 0 's .^  Dolom ite i s  a double c a r ­

b o n a te  o f  ca lc iu m  and magnesium in  w hich th e  magnesium ca rb o n a te  

c o n s t i t u te s  ab o u t o n e - th i r d .  A ccepted f ig u r e s  v ary  in  amounts re q u ire d  

fo r  th e  m in e ra l  to  be term ed " t r u e "  d o lo m ite .

The d o lo m ite  o f th e  s tu d y  a r e a  i s  a ta n  to  brown ro c k , v ery  p o ro u s, 

s o f t  and f r i a b l e ,  and i s  Eocene in  age as a re  th e  lim e s to n e s  j u s t  d es ­

c r ib e d  h e r e .  The rock  i s  d e p o s ite d  in  th in  beds lo o s e ly  cemented and 

i s  mined by open p i t  m ethods as i s  l im e s to n e . Most o f  the rock  i s  

below  th e  h ig h  w a te r t a b le  of th e  two c o a s ta l  c o u n tie s  where i t  i s  

found, and i t  i s  most o f te n  mined by d r a g lin e .  Two com panies, one in  

each  co u n ty , a re  m ining a t  th e  p re s e n t  tim e . S ev era l companies have 

o p e ra te d  in  p a s t  y e a rs  when a v a lu e  was p la c e d  on magnesium e x tra c te d  

from  th e  ro c k . Today th e  p r in c ip a l  use o f th e  dolom ite i s  fo r  a g r i ­

c u l tu r e .  L im estone i s  added to  s o i l s  as a  c o n d it io n e r  and as a 

n e u t r a l i z e r  f o r  a c id s  p r e s e n t .  Magnesium lim e s to n e , however, i s  b e t t e r  

s u i te d  f o r  t h i s  p u rpose  because  i t  does n o t  damage crops by i t s  a p p l i ­
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c a t io n .^  Dolom ite i s  used as a f i l l e r  f o r  f e r t i l i z e r s  a l s o ,  e s p e c ia l ly  

in  th e  ca se  o f c e r t a in  ty p es  th a t  ten d  to  be a c id  in  r e a c t io n .

T here a re  numerous u ses  o th e r  th an  those a g r ic u l tu r a l  fo r  d o lo m ite , 

b u t  none a re  developed  a t  th e  p re s e n t  tim e fo r  th e  F lo r id a  ro c k s . There 

have been s e v e ra l  i n d u s tr i e s  o p e ra tin g  in  the p a s t  to  p roduce rock  wool 

and to  e x t r a c t  magnesium, b u t none a re  fu n c tio n in g  to d ay . The rock  i s  

co n s id e red  u n su ite d  fo r  use in  m an ufactu ring  g la s s  o r p a p e r .

P ro sp e c tin g  and m ining o f do lom ite  began in  th e  1 9 3 0 's  and so  had 

l i t t l e  e f f e c t  on s e tt le m e n t  of th e  a r e a .  The in d u s tr y  employs only  a 

few w o rk ers . The lan d scap e w ith  p o t e n t i a l  fo r  do lo m ite  m ining i s  r e ­

l a t i v e l y  h ig h  in  e le v a t io n  w ith  th e  rock  so c lo se  to  th e  su rfa c e  t h a t  i t  

o u tc ro p s  f r e q u e n t ly .^  Dolom ite i s  d r ie d ,  c ru sh ed , sac k ed , and loaded  

in to  b o x ca rs  o r  t ru c k s  fo r  shipm ent to  m ark e ts . L i t t l e  change in  th e  

landscape i s  e f f e c te d  by th e  do lom ite  in d u s tr y ,  b u t  l i k e  l im e s to n e , i t  

o f f e r s  a  c o n tr ib u t io n  to  th e  f u tu re  economy which i s  l i k e l y  to  be o f 

long d u ra tio n .

Phosphate

Phosphates a re  in c lu d e d  in  th e  a n a ly s is  o f lim e s to n e  as a re so u rc e  

because  o f th e  c o n c u rre n t e x is te n c e  and s i m i l a r i ty  in  m ethods of m in ing . 

Both have had an e f f e c t  on se t t le m e n t  p a t te r n s  and economy o f th e  a r e a ,  

and i t  would be d i f f i c u l t  i f  n o t  im p o ss ib le  to  a t t r i b u t e  some p a r t i c u l a r  

c u l t u r a l  re sponse  to  one o r  t o  th e  o th e r .  Phosphates had  th e  most d ra ­

m atic  im pact on th e  a r e a  and b ro u g h t a measure of p r o s p e r i ty  to  th e  

r e g io n . L im estone i s  s t i l l  a  v ia b le  re so u rc e  today  in  th e  re g io n , how­

e v e r , w h ile  p hosphates  a re  b e in g  mined g e n e ra lly  f a r t h e r  southw ard .
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P h o sp h ates  today  accoun t fo r  th e  m ajor p a r t  o f F lo r id a 's  m in e ra l 

p ro d u c tio n  value®  and th e  s t a t e  le a d s  th e  n a t i o n 's  o u tp u t. A g r ic u ltu r a l  

u ses  accoun ted  fo r  64 p e r c e n t  of p ro d u c tio n , i n d u s t r i a l  u ses  fo r  2 p e r c e n t ;  

and 34 p e r c e n t  i s  e x p o r te d . The p h o sp h ates  a re  used a g r ic u l tu r a l l y  in  

d i r e c t  a p p l ic a t io n  to  s o i l s ,  as a component in  s to c k  and p o u l t ry  fe e d , 

and as a f i l l e r  f o r  f e r t i l i z e r .  I n d u s t r i a l  u ses  in c lu d e  the  m anufactu re 
9

o f e le m e n ta l  phosphorus.

Phosphate rock  i s  a  g e n e ra l  term  th a t  i s  g iven to  any rock  c o n ta in in g  

a s i g n i f i c a n t  amount of pho sp h o ru s . P h y s ic a lly  and ch e m ic a lly  th e  

F lo r id a  p h o sp h a te  conform s to  th e  fo rm ula  d e f in i t i o n  o f th e  m in e ra l a p a t i t e .  

I t  o c c u rs  in  th e  Hawthorne d e p o s i ts  o f  Miocene age in  th e  s tu d y  a re a  and 

i s  lo c a l ly  c o n c e n tra te d  in  d e p re s s io n s  in  th e  Eocene l im e s to n e  s u r f a c e .

I t  a l s o  e n c ru s ts  th e  p in n a c le s  o f th e  rough and i r r e g u l a r  e ro s io n  su rfa c e  

now b u r ie d  by younger d e p o s i t s . The a n c ie n t s i n k h o le - f i l l e d  k a r re n f e ld  

topography  became th e  r e p o s ito ry  f o r  th e  phosphate  o re  ac cu m u la tio n .

Vernon s u g g e s ts  t h a t  th e  n o r th w e s t- s o u th e a s t  tre n d in g  d e p o s i ts  occupy th e  

c r e s t  o f  th e  O cala u p l i f t  where f a u l t i n g  and j o in t in g  have been p ro m in e n t.1® 

P hosphate ro c k  i s  m ined by open p i t s  a s  a re  lim e s to n e  and d o lo m ite , 

b u t  o f te n  th e  amount o f overburden  removed i s  much g r e a t e r  b ecause o f  th e  

co m p a ra tiv e ly  h ig h e r  v a lu e  o f p h o sp h a te s . E a r ly  c le a r in g  o f f  o f o v er­

burden  was done by h o rse  o r  mule-drawn c la m sh e ll sco o p s, and th e  c le an ed  

ph o sp h a te  was mined w ith  p ic k  and s h o v e l. Modem m ethods employ d ra g ­

l i n e s  f o r  ea rth -m o v in g  and th e  o re  i s  reco v ered  by sc re e n in g  and f l o t a t i o n .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .



-151-

No h a rd -ro c k  ph o sp h ate  i s  mined today in  F lo r id a  b u t th e  in d u s tr y  

c o n tin u e s  to  p ro d u c e , u t i l i z i n g  la n d -p e b b le  d e p o s i ts  in  so u th  c e n t r a l  

F lo r id a  and c e r t a in  s o f t - r o c k  p i t s .  The s o f t - r o c k  p h o sp h ates  a re  

produced  from  slim e s  and w aste m a te r ia ls  t h a t  w ere abandoned by e a r l i e r  

h a rd -ro c k  o p e r a t io n s .  S o f t- ro c k  mines a re  o p e ra tin g  today in  C it r u s ,  

M arion , and G i l c h r i s t  c o u n t ie s .  The o u tp u t i s  used fo r  d i r e c t  a p p l i ­

c a t io n  to  s o i l s  and f o r  s to c k  and p o u l t ry  fe e d .

R efe ren ce  to  F ig u re  22 in d ic a te s  th e  boom c h a ra c te r  of th e  phos­

p h a te  i n d u s tr y ,  whose ra p id  r i s e  c o in c id e d  w ith  F lo r id a ’s r a i l r o a d  e r a  

betw een 1890 and 1900. The in d u s tr y  peaked to  more th an  600,000 long 

to n s  o f p ro d u c tio n  in  1909. H a lte d  d u rin g  World War I ,  th e  in d u s tr y  

zoomed ag a in  in  1920, o n ly  to  f a l l  o f f  r a p id ly  th ro u g h o u t th e  decade 

which fo llo w ed .

In  summary, th e  e x t r a c t iv e  i n d u s tr i e s  based  on lim ero ck  and phos­

p h a te  and t h e i r  a s s o c ia te d  m in e ra ls  have su p p o rted  th e  lo c a l  economies 

to  an im p o rta n t e x t e n t .  P hosphates f i r s t ,  in  th e  1 9 th  c e n tu ry , and 

th en  lim e ro ck  d u rin g  th e  r i s e  o f  th e  au tom obile age in  th e  1 9 2 0 's , 

when e x te n s iv e  ro a d -b u i ld in g  began in  F lo r id a ,  and f i n a l l y  do lom ite 

w ith  im proved a g r ic u l tu r e  a f t e r  th e  G reat D e p ress io n , p ro v id ed  lo c a l  

so u rc es  o f nonfarm  employment when none o th e r  was a v a i la b le .

Even today  th o se  i n d u s t r i e s  p la y  an im p o rta n t , a lth o u g h  reduced , 

r o l e  in  w est c e n t r a l  F lo r id a .  The v a lu e  of p ro d u c tio n  in  1969 and 

1970, th e  l a s t  y e a rs  f o r  which com plete d a ta  a re  a v a i la b l e ,  i s  shown 

on T ab le  13. S a les  t o t a l l e d  $9 ,520 ,000  in  1969, and $5,838 ,000  in  

1970, w ith  much o f  th e s e  amounts go ing  in to  lo c a l  p a y r o l l s .
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FLORIDA HARD ROCK PHOSPHATE 
MARKETED FROM 1890 TO 1960

Source: Espenshade and Spencer, USGS Bulle tin  1118, 1963.

F ig u re  22 — F lo r id a  P hosphate P ro d u c tio n , 1890-1960.
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T a b le  13 V alue o f M in e ra l P ro d u c t io n  in  th e  S tudy  A rea C o u n tie s , 1969-70

County
(th o u sa n d s )

1969 1970 M in e ra ls  P roduced  in  1970, in  o rd e r  o f v a lu e

A lachua 1299 1335 L im estone

C itr u s 1673 1941 L im esto n e , C la y , P h o sp h a te

D ix ie None None

G i l c h r i s t W* W* P h o sp h a te

L a f a y e tte None None

Levy 1046 W * L im estone

M arion 1761 2562 L im es to n e , F u l l e r ' s  E a r th ,  Sand & G rav e l 
P h o sp h a te

Sumter 3741 W* L im e s to n e , Lim e, P e a t

T o ta ls $9520 $5838

*W -  W ith h e ld  to  av o id  d i s c lo s in g  in d iv id u a l  company c o n f id e n t ia l  d a ta  

S o u rce : M in e ra ls  Y earbook, 1970
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The above has been accom plished  a t  a c o s t  o f c o n s id e ra b le  d eg ra­

d a tio n  o f th e  lan d sca p es  in  th e  m ining a r e a s ,  where abandoned p i t s  and 

p i l e s  o f overburden  occupy many a c r e s .  Some of th e se  a re  re c la im ab le  

f o r  r e c r e a t io n a l  p u rp o se s , w h ile  o th e r s  may be r e s to r a b le  fo r  o th e r  u se s , 

as i s  now b e in g  done in  so u th  c e n t r a l  F lo r id a .
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CHAPTER VII

LAND VALUES AND KARST

The m arg in a l n a tu re  o f th e  v a r io u s  a g r ic u l tu r a l  o p e r a t io n s  c a r r ie d  

on a t  p r e s e n t ,  under in d iv id u a l  a s  c o n tra s te d  w ith  c o rp o ra te  ow nersh ip , 

in  th e  Eocene o u tc ro p  a re a  was r e f e r r e d  to  in  C hapter I .  Land u se  i s  

p r im a r ily  a g r i c u l tu r a l ,  and when lan d  v a lu e s  a r e  u n in flu e n c e d  by o th e r  

f a c t o r s ,  such as  p ro x im ity  to  jo b  s o u rc e s , th e  lan d  v a lu e s  a r e  n ea r th e  

low end o f  th e  s c a le  f o r  th e  e n t i r e  s t a t e .  Two k a r s t  f e a tu r e s ,  how ever, 

which a r e  p re s e n t  in  th e  s tu d y  a r e a ,  can  o f th em selv es  r a d ic a l l y  a l t e r  

th e  v a lu e  s t r u c tu r e .  These f e a tu r e s  a r e  s p r in g s  and la k e s .

K a rs t S p rin g s

W hile a p p r o p r ia te  n o te  h as  been ta k e n  in  th e  s e c tio n  under h az a rd s  

o f th e  n e g a tiv e  a s p e c t  o f s p r in g s  a s  a  k a r s t  f e a tu r e ,  t h a t  a sp e c t  i s  

v e ry  m inor in  term s o f th e  t o t a l  p i c tu r e .  A number o f  F lo r id a 's  sp r in g s  

w ere an a ly zed  in  a r e c e n t  j o i n t  e f f o r t  by members o f th e  U. S. and 

F lo r id a  G e o lo g ic a l S u rveys, w hich re ach e d  p r i n t  in  1947. C e r ta in  o f th e  

s p r in g s  of th e  s tu d y  a r e a  w ere in c lu d e d  in  th e  s ta te - w id e  co v erag e  and 

fu r n is h  p ro p e r p e r s p e c t iv e  f o r  th e  c o n s id e r a t io n  o f  t h i s  f e a tu r e .  

A ccord ing  to  th e  U. S. G e o lo g ic a l Survey , th e  s p r in g s  c o n s t i t u te  one o f 

th e  s t a t e ' s  more im p o rtan t n a tu r a l  r e s o u rc e s .  As com m ercialized  t o u r i s t  

a t t r a c t i o n s ,  th ey  a r e  th e  b a se s  o f b u s in e s s  e n t e r p r i s e s  o f  c o n s id e ra b le  

m agn itude . The w a te r s u p p l ie s  o f s e v e ra l  F lo r id a  m u n ic ip a l i t i e s  a re
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p ip ed  from n earby  sp r in g  p o o ls . S an ita riu m s have been e s ta b l i s h e d  a t  

some. P r iv a te  and p u b l ic  a g e n c ie s  have p ro v id ed  h o te l s ,  m otor c o u r ts ,  

c o t ta g e s ,  dance p a v i l i o n s ,  r e s ta u r a n t s ,  b o a tin g , swimming, and f is h in g  

f a c i l i t i e s .  The r i v e r s  th ro u g h o u t a la rg e  p a r t  o f F lo r id a  a r e  bene­

f i c i a l l y  a f f e c te d  by th e  co m p a ra tiv e ly  u n ifo rm  amounts of sp r in g  w a te r 

th e y  re c e iv e  and t h e i r  n a v ig a b i l i t y  i s  u s u a l ly  improved.'*'

The m ajor sp r in g s  a r e  n o ted  f o r  t h e i r  o u ts ta n d in g ly  l a r g e  r a te s  o f 

d is c h a r g e .  The m agnitude o f th e s e  flow s has c r e a te d  an i n t e r e s t  and 

p o p u la r i ty  w hich has a t t r a c t e d  lo c a l  r e s id e n t ,  t o u r i s t ,  and s c i e n t i s t  

a l i k e .  The word " s p r in g "  i s  u s u a l ly  a s s o c ia te d  w ith  a r e l a t i v e l y  sm all 

amount o f w a te r i s s u in g  from th e  ground and t r i c k l i n g  in to  a nearby  

s trea m . In  F lo r id a ,  how ever, th e  l a r g e r  s p r in g s  is s u e  from th e  ground 

in  th e  form o f r i v e r s ,  some of which a r e  la r g e  enough fo r  com m erical 

n a v ig a tio n . E i th e r  o f  F lo r id a 's  two l a r g e s t  sp r in g s  has s u f f ic ie n t  

w a te r to  sup p ly  a  c i t y  o f o v er 3 ,0 0 0 ,0 0 0  p o p u la tio n , and any o f one of
2

20 o f th e  m ajor s p r in g s  would s e rv e  a c i t y  o f  over 500,000 p o p u la tio n .

Rainbow S p rin g s in  so u th w es te rn  M arion County i s  in  th e  stu d y  

a r e a ,  and i s  th e  second l a r g e s t  s p r in g  in  th e  s t a t e .  I t  i s  in  th e  

com m ercialized  t o u r i s t  c a te g o ry . A l i s t  o f  th e  b e tte r-k n o w n  sp r in g s  in  

th e  c o u n tie s  s tu d ie d , and t h e i r  m easured r a t e s  o f flo w , fo llo w s .

(T ab le 1 4 ) . They a r e  lo c a te d  on Map 13.

The flow  o f  s p r in g s  i s  m easured e i t h e r  in  s e c o n d -fe e t ,  o r  m ill io n s  

o f g a l lo n s  p e r day (SF and MGD). H y d rau lic  en g in e e rs  u se  se c o n d -fe e t  

t o  d e s ig n a te  th e  flow  o f  one cu b ic  fo o t o f  w a te r p e r  second.
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Table 14 S p rin g s in  th e  Study Area

Flow in Flow
County Spring S econd-Feet MGD

A lachua Glen S prings .32 .21
M agnesia Spring .65 .42
Poe Spring

O ther:
B lue S p rin g s 
Boulw are S pring  
F ord  S p rin g  
Hornsby Springs 
I ro n  S p rin g  
J u ly  Spring  
L i l l y  Spring  
S u lphur Spring  
Two sm all sp rin g s  

n e a r  High S prings

70.4 45 mgd

G i l c h r i s t H art Sp ring 6 0 .4 39
Lumber Camp S prings 3 .0 1 .9
O tte r  S p ring 5 .4 3.5
Rock B lu f f  S p rings

O th er:
B e l l  Spring

4 2 .1 27

L a y fa y e tte M orrison  S pring 51.6 33
Troy S p rin g s

O ther:
S te in h a tc h e e  S pring

102 66

C itru s  Co. C hassahow itzka S prings 81 .4 53
Homosassa S prings 185 120
H unter S p rin g

O ther:
C edar H i l l  S pring  
O th er s p r in g s  a t  

head o f C ry s ta l  
R iv e r

62 .9 41

( co n tinued)
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T able 14 (C ontinued)

Flow in Flow
County Spring S econd-Feet MGD

D ixie B ig Cypress Spring 12.4 8
Copper S pring 18.8 12
L i t t l e  Copper S pring 2 1 .3

O ther:
F le tc h e r  S prings

Levy Fanning S pring 108 70
M anatee Spring 168 109
Wekiva S prings 72.9 47

O ther:
B lue S pring
S e v e ra l sm all sp rin g s

n e a r  Cedar Keys
King Spring
Sulphur Spring

M arion Blue S p rin g 10.6 6 .8
J u n ip e r  Spring 12 .8 8 .3
Rainbow S p rin g 699 452
S a l t  S p rings 81.1 52
S ilv e r  Glen S p rin g s 111 72
S ilv e r  S prings 808 522

Sumter Fenney S p rin g s 21.6 14
Gum Slough S pring  1 1 .1  7 .2
P an aso ffk ee  R iv e r group 22

(fo rm e rly  Branch M ill
Spring  group) 22 .5  15
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M A J O R  S P R I N G S

2 ^ ° nock Bluff Sprl"9«

HERNANDO

Map 13

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .



-161-

A flo w  o f one se c o n d -fo o t w i l l  f i l l  an a r e a  o f one a c re  to  a d ep th  

o f two f e e t  in  24 h o u rs . One sec o n d -fo o t a ls o  e q u a ls  0 .646  m i ll io n s  of 

g a llo n s  p e r  day , o r  646,000 g a l lo n s .  A f i r s t  m agnitude sp r in g  i s  d e f in e d  

a s  one w ith  a p ro b a b le  av e rag e  flow  o f  100 sec o n d -fe e t."^  Of th e  75 

s p r in g s  l i s t e d  a s  b e in g  o f  f i r s t  m agnitude in  th e  U n ited  S ta t e s ,  F lo r id a  

h as  th e  m ost o f any s in g le  s t a t e ,  17. W hile Rainbow S p rin g s  i s  th e  on ly  

f i r s t  m agnitude s p r in g  in  th e  s tu d y  a r e a ,  th e r e  a r e  a number of o th e r  

m ajor s p r in g s ,  in  a d d i t io n  to  th e  many m inor and u n ch a rted  on es . T h e ir  

p r in c ip a l  e f f e c t  i s  to  s t a b i l i z e  th e  flow s o f th e  Suwannee and S an ta Fe 

R iver b a s in s ,  a lth o u g h  th e y  o f f e r  c o n s id e ra b le  lo c a l  r e c r e a t io n a l  u se  

as  w e ll . The m a jo r i ty  o f th e  s p r in g s  and t h e i r  ru n s  in  th e  s tudy  

a re a  w ere v i s te d  by t h i s  s tu d e n t in  th e  co u rse  o f  f i e l d  w ork. Most 

rem ain  in  p r iv a t e  o w n ersh ip , w ith  v a ry in g  d eg rees  o f a c c e s s i b i l i t y ,  and 

c u r re n t  u sage v a r ie s  from th e  h ig h ly  developed  com m erical a t t r a c t i o n  a t  

Rainbow S p rin g s , to  th e  s m a lle r  flow s whose u se  i s  d e s c r ib e d  as  " s to c k -  

w a te r in g ."

W ith th e  s te e p  p o s t-w a r r i s e  in  r u r a l  lan d  p r i c e s ,  and th e  in c re a se d  

em phasis on o u tdoor r e c r e a t io n  by a l l  segm ents o f  th e  p o p u la t io n , th e  

m arket v a lu e  o f th e  s p r in g s  and t h e i r  su rro u n d in g s  have so a red  to  

a s tro n o m ic a l  h e ig h ts .  S ta te  a g e n c ie s , o n ly  b e la te d ly  fu rn ish e d  w ith  

funds to  make some o f  th e s e  a r e a s  a v a i la b le  a s  s t a t e  p a r k s ,  have had to  

compete w ith  a s tu t e  p r iv a t e  i n v e s to r s .  Rainbow S p rin g s a s  a developed  

com m ercial f a c i l i t y  changed ow nership in  1968 f o r  a r e p o r te d  p r ic e  of 

$ 1 ,0 0 0 ,0 0 0 . The t o t a l  a r e a  a v a i la b le  f o r  developm ent w ith  th e  p ro p e r ty

P e rso n a l com m unication, Keyes R e a l ty ,  Miami, F lo r id a .
Lamar M itc h e l l ,  V ic e -P re s id e n t
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i s  q u i te  sm all so t h a t  i t  would n o t be s u i ta b l e  f o r  p u b lic  ow nership and 

r e c r e a t io n a l  u s e , in  p ro p o r tio n  to  i t s  m arket v a lu e  to d ay , fo u r  y e a rs  

l a t e r .  The S ta te  P ark  System h a s , how ever, been ta k in g  s te p s  in  re c e n t 

y e a rs  to  o b ta in  th e  a r e a  o f B lue S p rin g s in  th e  n o rth w e s te rn  A lachua 

County p o r t io n  o f th e  s tu d y  f o r  a  f u tu r e  S ta te  P a rk . P re s s  r e le a s e s  in  

O ctober o f  1972 d e sc rib e d  th e  p u rc h ase  by th e  S ta te  D epartm ent o f P arks 

and R e c re a tio n  o f 275 a c re s  a t  B lue S p rin g s , in c lu d in g  th e  land  around 

th e  s p r in g s ,  and on th e  n o r th  s id e  o f B lue S p rin g s Run, which fe ed s  in to  

th e  San ta  Fe R iv e r a  few hundred y a rd s  aw ay.^ An a d d i t io n a l  325 a c re s  

so u th  o f th e  Run i s  d e s i re d  by th e  s t a t e ,  which r e p o r te d ly  o f fe re d  

$1 ,020 ,000  f o r  th e  a c re a g e . The p re s e n t owners had e a r l i e r  in  1972 

p a id  $781,000 fo r  th e  ac rea g e  a t  a m ortgage a u c t io n . The s t a t e ' s  

pu rc h ase  p r ic e  o f  th e  p a r c e l  around th e  s p r in g s  and to  th e  n o r th  has 

n o t been d i s c lo s e d ,  b u t i t  cou ld  n o t have been l e s s  th an  th a t  o f fe re d  

fo r  th e  second p a r c e l ,  so t h a t  a t  l e a s t  $2 ,000 ,000  i s  in v o lv ed  in  th e  

p u rc h ase  o f l e s s  th a n  a s e c tio n  o f  land  to g e th e r  w ith  th e  s p rin g  i t s e l f .  

The P ark s  D epartm ent h as  announced th a t  developm ent fo r  p u b lic  u se  would 

be by p r iv a t e  d e v e lo p e rs  u n d er l i c e n s e ,  a  p ro c ed u re  which a s s u r e s  

c o n t r o l le d  developm ent o f  f a c i l i t i e s  f o r  p u b lic  u se  w ith o u t th e  commit­

ment o f  a d d i t i o n a l  s t a t e  fu n d s .

The B lue S prings a r e a ,  when d ev e lo p ed , w i l l  complement th e  e x is t in g  

S ta te  P a rk  a t  M anatee S p rin g s , n e a r  th e  Suwannee R iver in  Levy County. 

M anatee S p rin g s  s e rv e s  la r g e  numbers o f  p eo p le  a n n u a lly , w ith  a m a jo r i ty  

of them p ro b a b ly  b e in g  s t a t e  r e s id e n t s .  Both th e  B lue S p rin g s and th e  

M anatee S p rin g s  a r e a s  a r e  s t i l l  l a r g e ly  in  t h e i r  n a tu r a l  s t a t e s ,  and

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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a r e  e x c e p t io n a l ly  a t t r a c t i v e .  What has happened h e re  i s  n o t a  change 

in  t r a d i t i o n a l  lan d  u s e ,  bu t a l a r g e - s c a l e  i n t e n s i f i c a t i o n  o f  i t ,  

accom panied by in c re a s e s  in  lan d  v a lu e s  o f  s e v e ra l  whole o rd e rs  of 

m agnitude. The s t a t e  o f f e r  o f $ 1 ,020 ,000  a s  re p o r te d  fo r  325 a c re s  

must n e c e s s a r i ly  under s t a t e  r e g u la t io n s  r e f l e c t  a  p ro f e s s io n a l  

a p p r a i s a l  o f th e  v a lu e .  The f ig u r e  exceeds $3,000 p e r  a c r e ,  f o r  land  

a jo in in g  th e  ru n  b u t s e p a ra te d  from  th e  m ain sp r in g s  and c o n s is t in g  

m o stly  o f woodland. I t s  v a lu e  l i e s  in  i t s  s c e n ic  a t t r a c t i o n  and th e  

r e c r e a t io n a l  a m e n it ie s  o f th e  s i t e ,  p lu s  th e  c a p a c ity  when developed 

to  accommodate s u b s t a n t i a l  numbers o f  p e o p le . O ther s p r in g s  and s p rin g  

ru n s  in  th e  s tu d y  a r e a  w i l l  n a tu r a l ly  be a f f e c te d  in  a com parable 

manner by th e  i n t e r e s t  in  th e  m ajor s p r in g s .

K a rs t Lakes

I t  has been n o ted  th a t  la k e s  a s  v a r io u s  ty p es  o f  su b s id en ce  b a s in s  

a r e  a  prom inent f e a tu r e  o f k a r s t  t e r r a n e s ,  and t h i s  i s  th e  c a se  in  th e  

s tu d y  a r e a .  A c l a s s i f i c a t i o n  o f  F lo r id a  la k e s  a c c o rd in g  to  t h e i r  sh o re ­

l i n e  c h a r a c t e r i s t i c s  was o f f e re d  by E. W. B ishop in  1967.^  The c l a s s ­

i f i c a t i o n  r e l a t e s  to  geomophic and b o ta n ic  f e a tu r e s  which a r e  in  most 

in s ta n c e s  r e a d i ly  o b se rv a b le  in  th e  f i e l d ,  and which bea r d i r e c t l y  

upon th e  s u i t a b i l i t y  o f th e  la k e s  fo r  r e c r e a t io n ,  r e s i d e n t i a l ,  w i l d l i f e ,  

and o th e r  r e la t e d  u s e s .  Bishop c o n s id e r s  th a t  th e  s h o re lin e s  may be 

d iv id e d  in to  e ig h t  i d e n t i f i a b l e  c l a s s e s ,  and th a t  a g iv en  la k e  may have 

s e v e ra l  o f th e s e  c la s s e s  re p re s e n tin g  th e  e v o lu tio n a ry  s ta g e s  o f d i f f e r e n t  

p a r t s  of th e  sh o re . H is t a b u la t io n  o f  some of th e  c h a r a c t e r i s t i c s  of 

th e s e  e ig h t  c la s s e s  i s  in c lu d e d  h e re  a s  T ab le  15.
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Table 15 Some Characteristics of the Shorelines of Florida Lakes

f°siinmi
iHii
mini

i

I I
S lo p in g  Swamp F o re s t -  X X -  X -  -  poor
Consequent S h o re lin e X ----------- X -  good
Wave Eroded Beach X -  -  X -  X X good
F la t  Swamp F o re s t -  X X --------X poor
Open A qua tic  F o re s t -  X X X X -  -  f a i r
P ea t Marsh X -  X -----------poor
Brush S h o re lin e - - - - - - -  poor
A lte re d  Shore -  -  -  -  gen .

good

f a i r  good f a i r
good good good
poor poor o c c a s io n a lly  good
f a i r  good f a i r

good-poor poor 
poor

From F lo r id a  L akes, P a r t  2 , A T e n ta tiv e  C la s s i f i c a t i o n  of Lake S h o re lin e s , 
by E. W. B ishop , D iv is io n  o f W ater R eso u rces , F lo r id a  Board o f Conser­
v a t io n ,  T a l la h a s s e e ,  F lo r id a ,  1967.
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A t o t a l  o f 596 lak e s  i s  found in  th e  e ig h t  c o u n t ie s ,  and lak es  

o f a l l  e ig h t c l a s s i f i c a t i o n s  have been v i s i t e d  by th i s  s tu d e n t  d u rin g  

th e  co u rse  o f  th e  f i e l d  s tu d y . A sm all number o f  th e se  lak e s  have 

been developed  to  a v a ry in g  d eg ree  fo r  u se  by r e s id e n t ia l  com m unities, 

w ith  the rem ainder b e in g  used fo r  o c c a s io n a l r e c r e a t io n ,  th e  w a te rin g  

o f  s to c k  and , in f r e q u e n t ly ,  fo r  i r r i g a t i o n .

R efe rence to  T able 15 shows th a t  when found in  t h e i r  n a tu r a l  

s t a t e s  th e se  lak es  d i f f e r  g r e a t ly  in  t h e i r  s u i t a b i l i t y  f o r  th e  v a r io u s  

uses  which m ight be d e s i r e d .  C la sses  2 and 3 a re  m ost s u i ta b l e  fo r  

w a te r s p o r t s ,  swimming, f i s h in g ,  and w i l d l i f e .  A sm all number o f  la k e s  

of th e se  c l a s s i f i c a t i o n s  a re  found in  th e  Eocene o u tc ro p  a r e a .  Lakes 

o f  C lass  6 a r e  poor f o r  b o a tin g  and swimming, b u t o f f e r  good f is h in g  

and a re  e x c e l le n t  fo r  w i l d l i f e .  This c l a s s  o f  lak e  i s  common in  the 

Eocene o u tc ro p  a re a .

C oncerning v a lu e s ,  the lak e s  and ponds in  a g r ic u l tu r a l  u se  add 

only  s l i g h t l y  i f  a t  a l l  to  th e  t o t a l  v a lu e  o f  farm p ro p e rty  when such 

i s  on th e  m ark e t, and a re  a s se s se d  by county  tax  a s s e s so r s  a t  th e  same 

r a te  as th e  su rro u n d in g  la n d s . I f  th e re  i s  much marsh around the  m ar­

g in s ,  th e  la k e s  and ponds may be a s se s se d  a t  even low er le v e ls  than  

th e  su rro u n d in g  dry  ground. In  a k a r s t  a re a  o f  so u th w este rn  M arion 

County in  1972, fo r  exam ple, w ith  100 p e rc e n t e v a lu a tio n  as i s  now 

p re s c r ib e d  by F lo r id a  law, p in e  f o r e s t  i s  a s se s se d  a t  $80, b la c k ja c k  

oak and sc ru b  a t  $55, and lak e s  a t  $50 p e r a c re .*

* O ffic e  o f  th e  M arion County Tax A sse s so r , O cala, F lo r id a .
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F or p u rp o se s  c f  t h i s  s tu d y , a prom otion  c a l le d  "Rainbow Lakes 

E s ta te s "  in  so u th w es te rn  M arion County was s e le c te d ;  i t  i s  an example 

o f a k a r s t  la k e  p ro p e r ty  deve loped  a s  a l a r g e  re t i r e m e n t  and r e s id e n t i a l  

community. T h is  developm ent com bines a number o f f e a tu r e s  which have 

an im pact upon th e  econom ics and demography o f th e  s tu d y  a r e a ,  and 

c e r t a i n  im p lic a t io n s  fo r  th e  f u tu r e .^  (A lso see  Map 14 which shows 

l o c a tio n  o f Rainbow Lakes E s ta te s  and f l u c tu a t io n s  in  la k e  s h o re lin e  

betw een 1940 and 1964).

B efo re  developm ent began in  1959, th e  a r e a  was and s t i l l  i s ,  in  

l a r g e  p a r t ,  in d is t in g u is h a b le ,  from many o th e r  su b re g io n s  o f th e  Eocene 

o u tc ro p . There i s  a r o l l i n g  to  s l i g h t l y  h i l l y  lan d sca p e  on sandy s o i l s  

w ith  a grow th o f tu rk e y  oak , b la c k ja c k  oak , v a r io u s  p in e s ,  and scru b  

p l a n t s .  Such la n d s  have h i s t o r i c a l l y  been used  fo r  c a t t l e  g ra z in g , o r  

in f re q u e n t  lu m bering . When used  a s  c a t t l e  ra n c h e s , th e  h o ld in g s  ten d  

to  be l a r g e ,  w ith  many o f them ru n n in g  to  th o u san d s o f a c re s  in  th e  

hands o f s in g le  o w n e rsh ip s . Except fo r  fe n c in g  and o c c a s io n a l  improved 

p a s tu r e s ,  and minus th e  lo s s  o f th e  b e s t  t r e e s  to  e a r ly  lo g g in g  o p e r a t io n s ,  

th e  la n d s  rem ain  undeveloped  and unchanged, much as  th e y  were a  c e n tu ry  

ago . The p o p u la tio n  w hich l i v e s  o f f  th e  lan d  was and i s  s p a r s e .  In  

s h o r t ,  th e  p i c tu r e  h e re  a s  e lsew h ere  in  th e  r u r a l  p a r t s  o f  th e  s tu d y  

a re a  was t h a t  o f  a g r ic u l tu r e  b a r e ly  h o ld in g  i t s  own, o r in  obv ious 

d e c l in e .

In  a d d i t io n  to  th e  s p a r s e  p o p u la tio n , th e  low ta x  b ase  o f th e  a re a  

d em o n s tra te s  th e  m arg in a l c h a r a c te r  o f  a g r ic u l tu r e  a s  f u l l - t im e  p u r s u i t .  

Sam plings o f land  v a lu e s  p ick e d  a t  random from th e  M arion County Tax
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A s s e s s o r 's  o f f ic e  show th a t  in  th e  m id -1 9 5 0 's , unim proved lan d  in  th e  

g e n e ra l  a re a  o f  Rainbow Lakes E s ta te s  b o re  a sse ssm e n ts  a s  fo llo w s :

* $22.50 p e r  a c re  P a s tu re

$21.00 p e r  a c re  Woodland

$ 3 0 .0 0 -$ 6 0 .00 p e r  a c re  L a k e s ,lim e ro c k  p i t s ,  s in k h o le s ,
m arshes and ponds. T h is i s  a 
g e n e ra l  c a te g o ry  and in c lu d e s  
sp r in g s  a s  w e ll .

The v a lu e  f o r  wet la n d s  and r o c k p it s  seems h ig h  in  com parison w ith  

th e  o th e r  c a te g o r ie s ,  b u t i t  sho u ld  be re c a l le d  t h a t  com m ercial r o c k p its  

have been  b ig  b u s in e s s  in  M arion County f o r  many y e a rs  and w hether 

o p e ra te d  d i r e c t l y  by t h e i r  ow ners, o r w hether worked on a  r o y a lty  b a s i s ,  

th e  most common m ethod, th ey  w ere u n d ers to o d  to  be p r o f i t a b le .  The 

a s s e s se d  v a lu e s  which a t  f i r s t  g la n c e  seem h ig h , were p ro b a b ly  an 

im p o rtan t ta x  c o n c e ss io n  to  th e  ro c k  in d u s tr y  o f  th e  tim e .

The f a i r  m arket v a lu e  o f  undeveloped  la n d s  in  th e  g e n e ra l  a re a  

s e le c te d  to  become Rainbow Lakes E s ta te s  i s  seen  to  span from $21.00 

to  $60 .00  p e r a c re  a t  abou t th e  tim e o f p u rc h a se . A prim e f a c to r  

in f lu e n c in g  th e  s e l e c t io n  of th e  a c rea g e  was th e  p re sen ce  o f two la k e s ,  

Lake Bonable and L i t t l e  Lake B onable, in  th e  sou thw est c o rn e r  of what 

u l t im a te ly  was a  1 3 ,0 0 0 -a c re  developm ent. Lake B o n a b le 's  su r fa c e  i s  a t  

63 ' above mean sea  le v e l  and co v e rs  211 a c r e s .  I t  l i e s  betw een low sand 

h i l l s  and h as  an  i r r e g u l a r  s h o re lin e  which f lu c tu a te d  and meandered

* These a r e  c o r re c te d  f i g u r e s .  The a c tu a l  asse ssm e n ts  were o n ly  one- 
t h i r d  th e  am ounts shown, b u t v a lu a tio n  was o n ly  a  f r a c t i o n ,  some 
30-40 p e r c e n t  o f  th e  m arket v a lu e . For r e p o r t  p u rp o se s , th e n , v a lu e s  
were rounded o u t a t  t r i p l e  th e  ta x  a s s e s s o r 's  f ig u r e s  to  su g g est f a i r  
m arke t v a lu e .

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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L E V Y  COU NTY : \
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s ig n if ic a n t3 .y  in  e a r l i e r  y e a r s .  A s e r ie s  o f fo u r  a e r i a l  ph o to s  tak e n  

betw een 1940 and 1964 h ig h l ig h ts  th e  f l u c tu a t io n s .  A q u a r te r  m ile  n o r th ­

w est o f Lake Bonable l i e s  L i t t l e  Lake B onable, a t  55 ' above mean sea  

l e v e l ,  and a v e ra g in g  157 a c re s  o f s u r f a c e .  Both la k e s  have consequen t 

s h o r e l in e s ,  C la ss  2 in  T ab le  15, in d ic a t in g  a  y o u th fu l  la k e  o f r e l a t i v e l y  

r e c e n t  o r ig in .  Lake B onable has s tream s flo w in g  b o th  in  and ou t o f i t ,  

w h ile  L i t t l e  Lake B onable, which i s  low er th a n  Lake Bonable, i s  s tre a m - 

fed  w ith  no o u t l e t .

Pegging t h e i r  a p p e a l on th e  p re sen ce  o f th e s e  r a th e r  i n s ig n i f ic a n t  

la k e s ,  th e  prom oters d esig n ed  a road  g r id  w ith  th e  la k e s  a s  t h e i r  fo cu s 

and began a  s tre n u o u s  n a t io n a l  a d v e r t i s in g  campaign which in c lu d e d  

v i s u a l  and ra d io  m a te r ia l .  The name o f th e  v e n tu re  i t s e l f  seems to  t h i s  

s tu d e n t to  borrow  from th e  a l re a d y  s u c c e s s fu l  Rainbow S prings com m ercial 

prom otion  n e a rb y , and th e  ad v a n tag e  o f th e  F lo r id a  im age. Most F lo r id ia n s  

o f th e  w r i t e r 's  a c q u a in ta n c e  c o n s id e r  M arion C o u n ty 's  lo c a tio n  to  be too  

f a r  n o r th  f o r  w in te r  r e s o r t  p u rp o se s , b u t a s  lan d  p r ic e s  in c re a se d  in  th e  

warmer p a r ts  o f F lo r id a ,  p rom otion  moved n o rth w a rd , and th e  Rainbow 

S p rin g s o p e r a t io n  i s  an example o f t h i s  t r e n d .

The r e c r e a t io n a l  p o t e n t i a l  o f th e  la k e s  was em phasized in  th e  

a d v e r t i s in g ,  and a n a u t i c a l  them e, however incongruous fo r  b u c o l ic  

in la n d  F lo r id a ,  was m ark e ted . The s t r e e t  names b ea r ou t th e  w a te ry  

fo rm a t, and in  a d d i t io n  to  a q u a t ic  names f o r  th o se  roads w ith  a  view  of 

th e  la k e s ,  s t r e e t s  lo c a te d  m ile s  away in  th e  scru b  b o re  th e  names o f 

p e la g ic  m arine f i s h ,  such  a s  s a i l f i s h ,  k in g f i s h ,  and b o n i ta .  T here a r e  

no s t r e e t s  named a f t e r  th e  F lo r id a  f i s h  n a t iv e  to  th e  la k e s  th e m se lv e s ,

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T able 16 W a ter-R e la ted  Names f o r  S tr e e t s

Rainbow Lakes B oulevard L akeland H e ig h ts  Avenue

Deep W ater Court N a u ti lu s  D rive

Beach B oulevard B arn a c le  D rive

Soundview D rive N orth Lake B oulevard

Shorewood D rive Sea C l i f f  Avenue

F resh w a te r C ourt Wave Lane

T ig e r  Lake B ou levard A dm iral Landing D rive

South Beach C ourt H arbor H i l l s  Road

South Lakes C ourt T im berlake Road

South Haven C ourt Edgew ater B oulevard

South W ater C ourt Anchor B oulevard

T ig e r  Lake Park B lu e g i l l  Avenue

C le a rw ate r C ourt Tarpon Avenue

D riftw ood  C ourt S a i l f i s h  Avenue

W aterview  C ourt K in g fish  Avenue

M arine B oulevard B o n ita  Avenue

N orth  Beach B oulevard

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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i . e . ,  th e r e  a r e  no Bream, C a t f i s h ,  C rap p ie , o r  M udfish s t r e e t s .  (See 

F ig u re  2 3 ). A p a r t i a l  l i s t  o f th e  a c tu a l  names fo llo w s  a s  T able 16.

L o ts  were s e t  a t  o n e - fo u rth  a c re  and one a c re  in  s i z e ,  and e v e n tu a l ly  

some 17 ,000 were p l a t t e d  th ro u g h to u t th e  a lm ost 20 sq u are  m ile s  o f  la n d . 

S a le s  were b r i s k .

There was some a l t e r a t i o n  of th e  s h o r e l in e s ,  and r e c r e a t io n a l  a r e a s ,  

b o a t ram ps, and a sand beach were b u i l t .  (See F ig u re  2 4 ) . A ccess to  

th e  la k e  i s  j o i n t l y  a v a i la b le  to  th e  a d jo in in g  l o t  ow ners, a s  w e ll a s  

to  th e  r e s t  o f th e  l o t  b u y ers .

T hree c lu b h o u ses , one o f which i s  f o r  y o u th , were b u i l t  fo r  th e  

community, and th e r e  a r e  a l s o  (1972) a  v o lu n te e r  f i r e  s t a t i o n ,  a w eekly 

new spaper l i s t i n g  s o c ia l  e v e n ts , a  sm all m ed ica l c e n te r  w ith  am bulance 

s e r v ic e ,  and s e v e ra l  s e r v ic e  s to r e s .

B u ild in g  r e s t r i c t i o n s  as  f i l e d  by th e  d e v e lo p e rs  c a l l  fo r  houses 

to  have a minimum o f 600 sq u are  f e e t  o f l i v in g  a r e a ,  w ith  c a r p o r t s  in  

a d d i t io n .  T h is  i s  on th e  sm all s id e  f o r  F lo r id a .  J u s t  o v er 500 houses 

have been b u i l t  a s  o f 1972, and th e s e  a r e  found in  i r r e g u la r  c l u s t e r s ,  

w ith  la rg e  expanses o f v ac an t la n d s  s e p a ra t in g  them . M ile s  o f a s p h a lt  

ro a d s  were b u i l t  on a g rid  system , and many o f th e  ro a d s fo llo w  th e  

topography  in  a c u rv in g , p le a s in g  manner c o n s i s te n t  w ith  good e s t h e t i c  

p r a c t i c e .

S a le  p r ic e s  w ere from $1,595 to  $2 ,000  f o r  th e  q u a r te r - a c r e  l o t s ,  

and from $2,695 to  $4,000 fo r  th e  more rem ote a c re - s iz e d  l o t s .  P r ic e s  

w ere h ig h e r  f o r  th e  l o t s  f r o n tin g  on th e  la k e s  th e m se lv e s . These w ere 

p l a t t e d  in  3 5 -fo o t w id th s , w ith  d ep th s  v a ry in g  from  150 ' to  300 '

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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depending  upon th e  c o n to u rs  o f th e  sand h i l l s  a b u t t in g  th e  w a te r . A 

minimum of two l o t s  was re q u ir e d  to  form a  la k e f r o n t  r e s id e n t i a l  s i t e ,  

so t h a t  70 ' i s  th e  most common w id th . C e r ta in  b u y ers  added a t h i r d  l o t  

to make fo r  105 ' o f s i t e  w id th . The ty p i c a l  70 ' w a te r f r o n t  hom esite  s e l l s  

f o r  $3 ,200 to  $4 ,500 in  1972, w ith  th e  p r i c e  d i f f e r e n t i a l  depending  more 

upon th e  p e r so n a l c irc u m sta n c e s  o f buyer and s e l l e r  th a n  upon p h y s ic a l  

f a c to r s .*

The w a te r f r o n t  l o t s  (combined to  form a c r e - s iz e d  in c re m en ts  fo r  

p u rp o se s  o f t h i s  s tu d y ) command a p r ic e  o f from $8 ,960 to  $12,800 p er 

a c r e .  They d em o n s tra te  amply th a t  m arket su p p o rt a t  th e  e le v a te d  

f i g u r e  w i l l  be g iv en  a k a r s t  la k e  f e a tu r e  fo llo w in g  r e l a t i v e l y  m odest 

developm ent o f  th e  h in t e r l a n d ,  a lo n g  w ith  s a le s  prom otion  sc a le d  to  th e  

s iz e  o f th e  developm ent. These d a ta  a r e  p re se n te d  in  T able 17 fo llo w in g  

f o r  re ad y  com parison .

From T ab le 17 i t  i s  seen  th a t  a c re a g e s  o r i g i n a l l y  valu ed  a t  $21.00 

to  $60.00 p e r  a c re  p r io r  to  developm ent were r e - s o ld ,  a f t e r  l im ite d  

developm ent, f o r  p r ic e s  o f  from $2,695 to  $12,800 p e r  a c r e ,  w ith  th e  

p re se n c e  o f la k e s  a s  p ro b a b ly  th e  s in g le  m ajor f a c to r  making th e  sub­

seq u e n t p r o p e r t ie s  m a rk e ta b le  a t  th e s e  p r i c e s .

T hat th e  Rainbow Lakes c a se  i s  n o t an  i s o la t e d  one, i s  su p p o rted  

by r e la t e d  r e s e a r c h  done by t h i s  s tu d e n t d u rin g  th e  s tu d y  p e r io d . The 

o th e r  f i e l d  in q u iry  was perform ed as  p a r t  o f  th e  q u a l i fy in g  exam ina tion  

f o r  adm issio n  to  candidacy fo r  th e  d o c to ra l  d e g re e , in  May, 1971, and 

f u l f i l l e d  a  re q u irem en t to  p rove o r d isp ro v e  th e  h y p o th e s is  t h a t  s in k s  

Joe L. Cobb R e a lty , I n c . ,  D unne llon , F lo r id a .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T a b le  17 M arket D a ta  on Rainbow Lakes A creage

Type o f P ro p e r ty V alue P e r  Acre V alue P e r  Square F oot

P re -d ev e lo p m en t p a s tu r e ,  
w oodland , l a k e s , m a rsh e s , 
and p o n d s. $21 .00  to  $60.00 $ .0004 -  $ .0013  *

P o s t-d e v e lo p m e n t o n e -a c re  
r e s i d e n t i a l  l o t s  i n  1972 $ 2 ,6 9 5 .0 0  to  $ 4 ,0 0 0 .0 0 $ .06  -  $ .09  **

P o st-d e v e lo p m e n t 1 /4  a c re  
r e s i d e n t i a l  l o t s  in  1972 $ 6 ,3 8 0 .0 0  to  $ 8 ,0 0 0 .0 0 $ .15  -  $ .1 8  **

P o st-d e v e lo p m e n t 
w a te r f r o n t  r e s i d e n t i a l  
l o t s  in  1972 $ 8 ,9 6 0 .0 0  to  $1 2 ,8 0 0 .0 0 $ .2 1  -  $ .29  ***

S o u rce : * O f f ic e  o f  M arion County Tax A s s e s s o r ,  O c a la , F lo r id a .
** Rainbow Lakes E s t a t e s  D evelopm ent and R e a lty  C o rp o ra tio n , 

Rainbow Lakes E s t a t e s ,  F lo r id a .
*** Jo e  L . Cobb R e a l ty ,  D u n n e llo n , F lo r id a .
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o r d e p re s s io n s  f i l l e d  w ith  w a te r in  a p a r t  o f F lo r id a  w hich a d jo in s  th e  

k a r s t  lim e s to n e  p la in  "p ro v id e  a c l e a r - c u t  enhancement o f land  v a lu e s  

f o r  th e  owners of lan d  a d ja c e n t to  such  d e p re s s io n s -"

For th e  r e s e a r c h , th e  m arket d a ta  approach  was used  in  o rd e r  to  

sy s te m a tiz e  a c tu a l  c o s t s  in  th e  com parison o f s im i la r  p r o p e r t ie s .  As in  

th e  Rainbow Lakes e v a lu a t io n , o n ly  c u r re n t  s a le s  of lan d  w ith o u t s t r u c ­

tu r e s  were u sed . W a te rfro n t l o t s  in  sm all developm ents were found to

command p r ic e  m u ltip le s  o f 7 to  1 o v er lan d lo ck e d  l o t s .  These p rov ided

f a c i l i t i e s  o n ly  to  th e  e x te n t o f  p r im i tiv e  sand ro a d s and s t r e e t  s ig n s ,  

and th e  a t t r a c t i o n  o f la k e  a c c e ss  fo r  th e  owners o f la n d lo ck e d  l o t s .

The p r i c e  s t r u c tu r e  i s  shown in  t a b u la r  form . (See T ab le 1 8 ).

F u r th e r  a n a ly s i s  o f th e  c o s t  d a ta ,  and com parison betw een in d iv id u a l

la k e s  o f d i f f e r in g  a p p e a l in  th e  M elrose s tu d y  a r e a  b r in g s  ou t th e

fo llo w in g  o b s e r v a t io n s :

Swan, S e r e n a , and Halfmoon Lakes a r e  s im i la r  in  
w a te r f r o n t  p r ic e s ;  y e t  i t  i s  e v id e n t to  an o b se rv e r
t h a t  th e  la k e s  a re  n o t e q u a l ly  a t t r a c t i v e ,  Swan
Lake i s  th e  on ly  one la r g e  enough fo r  w aves. They 
a l l  f l u c tu a te  from fo u r to  f i v e  f e e t  in  e le v a t io n .
Even th e  r e l a t i v e l y  low p r i c e  fo r  th e  la n d lo ck e d  
l o t s  has le a d  to  w idesp read  s u b d iv id in g , b u t v e ry  
few s i t e s  a r e  o cc u p ied —and th o se  m o s tly  by t r a i l e r s .
The c o n t r a s t  in  v a lu e s  betw een su b d iv id e d  and unsub­
d iv id e d  a c re a g e  i s  even more pronouned th an  c o n t r a s t s  
in s id e  th e  developm en ts. Scrub ac re a g e  i s  a s se s se d  a t  
$75.00 p e r  a c re  compared w ith  scrub  l o t s  which t o t a l  
$871.20 p e r  a c r e ,  and h ig h  lan d  which b o rd e rs  on some 
o f  th e  la k e s  could  be w orth  $6 ,0 9 8 .4 0  p e r  a c re  in s te a d  
o f th e  $300.00 which i s  t h e i r  c u r re n t  a s se s sm e n t. T h is 
i s  a f a c to r  o f 20 to  1 . The ev id e n ce  a s  to  th e  draw ing 
power o f w a te r -o r ie n te d  r e c r e a t io n  s i t e s  i s  c l e a r c u t .

I t  ap p e ars  to  t h i s  w r i t e r  t h a t  many o f th e  above c o n s id e r a t io n s  a re  

g e n e ra l ly  a p p l ic a b le  to  k a r s t  la k e  environm ents in  w est c e n t r a l  F lo r id a .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T ab le  18 Summary o f C osts f o r  L a k e -o rie n te d  L ots in
M elrose , F lo r id a

C ost P er Square Foot

W a te rf ro n t Lots Average $ .14

Landlocked Lots Average .02

T o ta l Cost

W a te rf ro n t L ots Average $3,494.00

Landlocked L ots Average 375.00

Source : E. F . A bbo tt, R esearch  E x e rc ise .
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A side from th e  f a c to r  o f lan d  v a lu e s ,  an im p o rtan t change in  lan d  u se  

i s  in vo lved  h e r e ,  w ith  concom itan t s o c i a l ,  econom ic, and dem ographic 

p roblem s. G eographers t r e a t  o f p eo p le  on th e  la n d , hence c e r t a in  

comments a r e  in  o rd e r  h e r e .  In  th e  ca se  of P^ainbow Lakes E s ta te s ,  

an overwhelming m a jo r i ty  o f th e  r e s id e n ts  a r e  from o th e r  s t a t e s .

T h e ir homes a r e  la r g e ly  i s o la t e d ,  and th e  form er p a s tu re s  and scrubby 

w oodlands dom inate th e  lan d sca p e . O pinions among r e s id e n t s  a r e  mixed 

a s  to  w hether th e  s e t t i n g s  should be co n s id e red  p le a s a n t  o r on th e  

b le a k  s id e ,  o r w hether o r n o t th e  p re s e n t lan d  u se  i s  an  improvement 

over i t s  form er s t a t e ,

In  th e  judgm ent o f t h i s  w r i t e r ,  most o f th e  p re s e n t  r e s id e n ts  

have p ro b a b ly  improved t h e i r  p h y s ic a l  s i t u a t io n s ,  b ecau se  th e  q u a l i ty  

o f l i f e  in  th e  i n d u s t r i a l l y  b l ig h te d  a re a s  o f th e  n o r th e a s te rn  U n ited  

S ta te s  from which most o f them have m ig ra ted  le a v e s  much to  be d e s i r e d .  

The r e c r e a t io n a l  p o s s i b i l i t i e s  o f th e  combined a re a  o f th e  la k e s ,

368 a c r e s ,  seems ad e q u a te  fo r  th e  u se  o f th e  p re s e n t  p o p u la tio n , and 

th e r e  i s  much to  be s a id  fo r  th e  escape  from th e  crow ding which i s  so 

t y p i c a l  o f u rb an  a c re a s .  On th e  o th e r  hand, i f  th e  17 ,000  h o m esites  

were to  be b u i l t  upon a t  an av e rag e  o f 2 .5  r e s id e n t s  p e r  h o u seh o ld , a

p o p u la tio n  o f  42 ,500  would r e s u l t .  M arion C o u n ty 's  t o t a l  p o p u la tio n  in

1970 was 69 ,030 . I t  seems c le a r  th a t  any s i g n i f i c a n t  in c re a s e  in  th e  

p o p u la tio n  o f  th e  rem ote developm ent would in c re a s e  th e  demand fo r

s e r v ic e s  from th e  c o u n ty , and w i l l  r e q u ir e  p la n n in g  on an  o rd e r  n o t

h e r e to fo re  seen  in  th a t  co u n ty .
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CHAPTER V III

CONCLUSIONS

The m ajor o b je c t iv e  o f  t h i s  s tu d y  has been  to  g a in  an u n d e r­

s ta n d in g  o f th e  e f f e c t  o f  s o lu t io n  landform s on land  use in  w est c e n t r a l  

F lo r id a .  When th e  f a c ts  deve loped  by th i s  in q u iry  a re  review ed and 

p laced  in  h i s t o r i c a l  p e r s p e c t iv e ,  w ith  man as an ag e n t o f  geograph ic  

change, one fe a tu re  em erges and p re d o m in a te s . The c h ie f  in f lu e n c e  o f 

k a r s t  on land u se  has been  a l im i t in g  one.

S ince th e  b e g in n in g  o f  Am erican s e t t le m e n t  i n  t h i s  re g io n  o f 

F lo r id a ,  th e  l i m i t a t i o n  f a c t o r  has a p p l ie d .  While th e  woodlands and 

p r a i r i e s  o v e r ly in g  th e  k a r s t  s t r a t a  were l e f t  un touched , th e  r i c h e r  

hammock lands to  th e  e a s t  w ere f i r s t  sough t a f t e r ,  even a t  th e  c o s t  o f 

b loodshed  w ith  th e  Sem inole ow ners. The lim e sto n e  p la in s  were d i s ­

t i n c t l y  second c h o ic e , in  r e c o g n i t io n  o f  t h e i r  l im ite d  d e s i r a b i l i t y .

When s e t t le m e n t  d id  b e g in , i t  was s p a r s e ,  and s m a l l - s c a le  s u b s is te n c e  

hom esteads were th e  r u l e .  The p re v a le n c e  o f  th ese  s m a ll economic 

u n i ts  s e t  l im i t s  on b o th  th e  p ro d u c tiv e  base o f  the re g io n , and on 

the sm all tra d in g  c e n te r s  which a ro se  to  s u p p o rt  th e  farm ers and 

stockm en.

The l im i t a t i o n s  on c ro p  y i e ld  have co n tin u ed  in to  th e  modern 

e ra  o f  s c i e n t i f i c  fa rm in g , w ith  i t s  im proved p la n ts  t u f f s ,  s o i l  

n u t r i e n t s ,  and m ach inery . Y et to d a y 's  f u l l - t im e  fa rm ers  i n  th e  reg io n ,
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a lth o u g h  c o n s o l id a t in g  in to  few er, l a r g e r ,  and more e f f i c i e n t  o p era ­

t i o n s ,  s t i l l  have r e g u la r ly  low er y ie ld s  th an  in  th e  more favored  

re g io n s  of F lo r id a  and th e  c o a s ta l  p la in .

K a rs t f e a tu r e s  to  an im p o rtan t e x te n t a re  a hazard  in  th e  stu d y  

a r e a .  The h az ard s  ex tend  to  pocketbook, l iv e s to c k  and p erso n . They 

w a rra n t in c lu s io n  o f k a r s t  f e a tu r e s ,  such as s in k h o le s , on a geog­

r a p h e r 's  l i s t  of n a tu r a l  h az ard o u sn e ss  o f p la c e .

There a r e  two le v e ls  o f h azard  p e rc e p tio n  in  th e  s tudy  a r e a ,  

a low er l e v e l ,  and an e le v a te d  l e v e l .  The u se rs  of th e  land  t o l e r ­

a t e  th e  h a z a rd s , o r accommodate to  them, as sim ply an a d d i t io n a l  

f a c to r  to  add to  th e  complex o f problem s and u n c e r t a in t i e s  w ith  

which most grow ers m ust cope. Most u s e r s  d e p re c ia te d  th e  v a lu e  of 

t h e i r  own tim e sp e n t in  r e a c t in g  to  k a r s t  p roblem s, and ac ce p te d  

lo s s e s  caused  by k a r s t  f e a tu re s  i f  th e se  s tay ed  w ith in  what were 

f e l t  to  be a c c e p ta b le  l i m i t s .  Thus, i t  i s  concluded th a t  grow ers 

in  th e  s tu d y  a re a  fu n c tio n  d e s p i te  th e  p re sen ce  of k a r s t  f e a tu r e s ,  

r a th e r  th an  b ecause of them in  any d i s c e r n ib le  sen se .

P erso n s in v o lv ed  p r o f e s s io n a l ly  in  th e  e a r th  s c ie n c e s  p e rc e iv e  

th e  h az ard s  in  l a r g e r  d im en sio n s, and a re  moved to  la r g e r - s c a l e  

s o lu tio n s  and more o f a s p i r i t  o f urgency . A p o te n t i a l  e x i s t s  f o r  

la r g e - s c a l e  f u tu r e  damage in  th e  v e c to r  o f w a te r p o l lu t io n .  The 

p o te n t i a l  danger a p p l ie s  to  in d iv id u a l  fa rm ers w idespread  th rough­

o u t th e  re g io n , and to  th e  i n h a b i ta n ts  of th e  p o p u la tio n  c e n te r s .

The c u r re n t  p r a c t ic e s  o f d isc h a rg in g  sewage e f f lu e n t  from th e  popu­
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l a t i o n  c e n te r s  in to  k a r s t  f e a tu re s  such as la k e s  and s in k h o le s ,  from 

which a c c e ss  can be had in to  th e  a q u ife r s  of th e  r e g io n , a re  recog­

n ize d  as a p e c u l ia r ly  k a r s t- a s s o c ia te d  t h r e a t .

S in k h o les  and o th e r  su b sid en ce  ev e n ts  a re  a c o n tin u in g  main­

ten a n ce  d ra in  on th e  S ta te  D epartm ent o f T ra n s p o r ta tio n , and a re  a 

d ra in  no t r e g u la r ly  met w ith  by road m ain tenance o rg a n iz a tio n s  not 

on k a r s t  t e r r a n e s .

The o c c u rre n c e  o f  su b sid en ce  ev e n ts  in  th e  re g io n  a re  th e  o b je c t  

o f re s e a r c h  d esig n ed  to  see k  m ethods o f m inim izing  b o th  th e  hazards 

and problem s. Com binations o f e s ta b l is h e d  te c h n iq u e s , such as s te r e o -  

p a i r  i n t e r p r e t a t i o n ,  and new er, such as d i f f e r e n t i a l  s e l e c t iv e  photog­

ra p h y , a r e  used as p a r t  o f th e  re s e a rc h  e f f o r t .  I t  i s  concluded th a t  

an optimum o v e r - a l l  tec h n iq u e  has y e t  to  be found.

K a rs t f e a tu r e s  have a t  tim es been b e n e f i c i a l  to  th e  re g io n . 

Lim erock and d o lo m ite  as k a r s t - r e l a te d  re s o u rc e s  a long  w ith  p h osphate , 

have p layed  a n c i l l a r y  ro le s  in  th e  economy o f th e  s tu d y  a r e a ,  p ro v id ­

ing  non-farm  wage employment to  p a r ts  o f th e  la b o r  f o r c e ,  o f f  and on, 

over a number o f d ecad es. T h e ir  im portance was re in f o rc e d  by th e  

f a c t  th a t  o th e r  so u rc es  of wage employment were g e n e ra l ly  n o t a v a i l ­

a b le  in  th e  re g io n  d u rin g  th o se  tim es o f m in e ra l e x t r a c t io n .  Hence, 

th e  k a r s t  re s o u rc e s  when th ey  could  be m arketed  com pensated in  p a r t  

f o r  th e  l im i t a t i o n s  on th e  a g r ic u l tu r a l  p o t e n t i a l  o f th e  re g io n .

W hile th e  p o p u la tio n  f ig u r e s  f o r  th e  s tu d y  re g io n  have rem ained low, 

i t  may be concluded  th a t  p o p u la tio n  d e c l in e  was a r r e s te d  by th e  use
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of karst resources when these were in demand.

The in c re a se d  development o f m ajor k a r s t  sp rin g s  fo r  s t a t e  

p ark s  i s  an i n t e n s i f i c a t i o n  of e a r ly  and t r a d i t i o n a l  land  use  h e re . 

S ince  th e  e a r l i e s t  s e t t le m e n t ,  th e s e  sp rin g s  have been favored  as 

f i s h in g ,  b o a tin g , and g a th e rin g  p la c e s .

The c o m p e titio n  betw een s t a t e  and com m ercial b u y er , and th e  

in c re a se d  p a r t i c ip a t io n  in  l e i s u r e  p u r s u i t s  by a l l  segm ents o f th e  

p o p u la tio n , have been re s p o n s ib le  fo r  marked p r ic e  r i s e s  in  such 

s p rin g  p r o p e r t ie s .  The p ro c ess  o f making th e  n a tu r a l  am e n itie s  o f 

th e  s p r in g s  a v a i la b le  to  more o f th e  p e o p le , d e s p i te  th e  p r ic e  com­

p e t i t i o n ,  i s  a m easure o f i n t e n s i f i e d ,  r a th e r  th an  changed, lan d  u se .

The c r e a t io n  of new r e s id e n t i a l  com m unities, u s in g  k a r s t  f e a tu re s  

such as  la k e s  as t h e i r  c e n te r  o f a t t r a c t i o n  and even as t h e i r  e n t i r e  

r a is o n  d 'e t r e ,  marks an e n t i r e ly  new ty p e  o f land  u se  in  th e  stu d y  

a r e a .  There a re  many such la k e s ,  as has been  shown, and th e  c re a ­

t io n  o f new com m unities, as i s  a c u r re n t  tre n d  in  th e  s t a t e ,  in v o lv e s  

marked change in  th e  demography o f th e  re g io n , w h ile  p ro v id in g  m ajor 

c h a lle n g e s  in  o v e r a l l  lan d  use  p la n n in g .

Land u se  in  th e  s tu d y  re g io n  h e r e to fo re  has shown fre q u e n t s h o r t ­

term  changes, b u t o v e r a l l  u se  p a t te r n s  su g g es t th a t  on a re g io n a l 

b a s i s ,  a g r ic u l tu r a l  a r e a s  have rem ained f a i r l y  d e f in i t e  in  lo c a tio n .  

The p a t te r n s  g e n e ra l ly  co rrespond  to  th o se  of th e  n a tu r a l  v e g e ta t io n ;  

th e  hammock lan d s  most o f te n  y ie ld  to  c ro p s , wet p r a i r i e  land  i s  

l i t t l e  changed, p in e  lan d  depending on economic c o n d it io n s  has o f te n
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been farm ed. The o v e r a l l  p ro p o r tio n s  betw een f o r e s t ,  p a s tu r e ,  and 

c ro p la n d  rem ain  about th e  same.

In  summary, th e  s tu d y  shows th a t  k a r s t  in f lu e n c e  has l im ite d  

th e  a r e a 's  p r o d u c tiv i ty  in  com parison w ith  o th e r  a r e a s ,  and has 

l im ite d  th e  f u l l  u se  of th e  land  f o r  w ha tever p u rpose  was e le c te d ,  

w he ther fo r  f o r e s t r y ,  s t o c k - r e a r in g ,  o r  f i e l d  cro p . P o p u la tio n  

grow th l ik e w is e  has been  l im ite d  over th e  d ecades. K a rs t f e a tu r e s  

have been m a rg in a lly  u s e f u l  as m in e ra l  re s o u rc e s ,  b u t th e s e  a r e  now 

r e l a t i v e l y  u n im p o rta n t. The u se  o f m ajor sp rin g s  f o r  t h e i r  r e c r e ­

a t i o n a l  a m e n it ie s  has become re in f o rc e d . We a ls o  o b se rv e  an en­

t i r e l y  new lan d  u s e ,  th e  c r e a t io n  o f e n t i r e  new com m unities based 

on a k a r s t  f e a tu r e ,  and a s  has happened so o f te n  b e f o re ,  th e  emer­

gence of new c h a lle n g e s .
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APPENDIX I

STATISTICAL ANALYSIS OF KARST FEATURE DATA 

BY J .  T. McCLAVE AND R. L. OTT

I t  was d e s i re d  to  e s t im a te  th e  number o f  k a r s t  f e a tu r e s /a c r e  

o f  land f a l l i n g  in to  one o f  tw enty c a te g o r ie s :

Land Use S o il  Type

1. Cropland 1. 3
2. F o re s t  2. 5 -8
3 . P a s tu re  3 . 4 -9
4 . I d le  4 . 12

5 . .  O ther

We f i r s t  d e f in e d

m jj = # k a r s t  f e a tu re s  in  land  u se  -  s o i l  type combination-, 
( i j ) ,  i  = 1, . . . , 4 , j  = 1, . . . , 5 .

S in c e  each  p o in t  r e p r e s e n ts  4 .4  a c r e s ,  an e s t im a te  o f th e  t o t a l  sampled

land  in  th e  ( i j )  c a te g o ry  i s  ( 4 .4 ) n ^ .

We had 55 photographs o f  the a re a  o f  i n t e r e s t  each c o v e rin g

160 a c r e s .  D e fin in g

a . = t ru e  # k a r s t / a c r e  o f land  in  ca te g o ry  ( i j )
i j

we wanted to  e s t im a te  u s in g  th e  photo  d a ta .  S ince
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APPENDIX I (continued)

p±1 = ____ _ i± _
1J (4 .4 ) n ±i

we can use th e  u su a l r a t i o  e s t im a to r

k=l
’ i j

“i j
mi  jk

i  jk

n ^ j^  = # map p o in ts  in  ( i j )  c e l l  on photo k

<S. . = #  photos on which n . > 0 .  
i j  v i j k

The need to  in tro d u c e  6 , .  i s  obvious when one r e a l i z e s  t h a t  no e s t i -  
i j

m ate o f  . can be made from a photo on which = 0.

We f i r s t  c a lc u la te d  (3^ fo r  a l l  ( i j )  com binations and in ten d ed

to  se e  w h e th er the d a ta  in d ic a te d  d if fe re n c e s  in  th e  p ^ ' s .  However,

th e  f i j j '8 were so sm a ll in  many ca ses  t h a t  s t a t i s t i c a l  com parisons

w ere g r e a t ly  hampered by lac k  o f d a ta .  The ta b le  fo llo w in g  g ives

ft. . and 6 . .  fo r  a l l  c e l l s :
*t .J i J
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APPENDIX I (continued)

C ropland

T able 1.

A i and 6ij

F o re s t P a s tu re Id le

.003 .011 .000 .031
9 15 5 4

.032 .121 .234 .019
10 15 9 6

.058 .130 .127 .074
30 26 18 13

.000 .097 .088 _

3 12 4 0

.091 .155 .026 .038
8 12 10 6

lu c ta n c e  to  p lac e  any f a i t h  in  in fe r e n c e s  abou t p d i f f e r e n c e s .
i j

In  o rd e r  to  overcome th e  sm all sam p les , we dec id ed  to  f i r s t  

compare a l l  lan d  u se  c a te g o r ie s  d is re g a rd in g  s o i l  ty p es , and, then  

to  compare s o i l  types d is re g a rd in g  land  u s e . Thus we computed

i j

.1=1 k= l

5 i j  
4 -4 Z Z n i j k  

j= l  k= l
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5

4 .4  I n . .
i j

j= l

th e  tru e  number o f k a r s t  f e a tu r e s /a c r e  o f land  use i .  These e s t im a te s  

a re  g iv en  below .

Table 2.

0 i

Cropland F o re s t  P a s tu re  Id le  

.048 .366 .089 .047

An e s tim a te d  v a r ia n c e -c o v a ria n c e  m a tr ix  was c a lc u la te d  so we could  

ob ta in

7. ■ p i  '  P ■*•---
S. .,1,1

where S i s  an e s t im a te  o f  th e  s ta n d a rd  d e v ia tio n  o f  the  d i f f e r -  
i , i '

ence between and j5^i> o b ta in ed  by th e  sq u are  ro o t  o f  a d d i t io n  o f 

the  two e s tim a te d  v a r ia n c e s  minus tw ice  th e  e s tim a ted  c o v a ria n c e .

The Z v a lu e s  a re  g iven  below;

Table 3 .

Z V alues fo r  Land Use Comparisons

C-F
Z

-1 .5 3
Z

F-P 1.31
Z

P -I 1 .08

C-P -2 .0 8 F - I  1 .48

C -I 0 .19

R e p r o d u c e d  w ith  p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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T his lead s  to  th e  in fe re n c e  t h a t  P „ , and P a re  le s s  than
c ro p la n d  id l e

p and P . The s ig n if ic a n c e  le v e l  fo r  such a c o n c lu sio n
f o r e s t  p a s tu re

would be a b o u t .1 0 .

This was now re p e a te d  fo r  s o i l  ty p e s , c a lc u la t in g

E m.

i= l  k= l

I  n. 

i = l  k= l

The r e s u l t s  a re  summarized below :

3
.009

4-9
.133

5-8
.088

Other
.106

The Z v a lu e s  a re  c a lc u la te d  as b e fo re :

Table 5 .
Z V alues fo r  S o il  Type Comparisons

3 : 4 -9 -2 .1 0 4-9  :: 5 -8 0 .6 1 5-8 12 -0 .1 1

3 : 5 -8 -1 .9 8 4-9 :: 12 0 .33 5-8 O ther -0 .3 6

3 :: 12 -1 .8 1 4-9 :: O ther 0 .36 12 O ther -0 .2 0

3 :: O ther -4 .1 4

The c l e a r  in fe r e n c e  he re  i s  t h a t  p „ i s  l e s s  th an  th e  o th e r s ,  which 
type 3

do n o t appear to  be s i g n i f i c a n t ly  d i f f e r e n t .  A gain th e  s ig n if ic a n c e  

le v e l  i s  ab o u t .1 0 .

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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QUESTIONNAIRE FOR FARMERS 

Name and a d d ress  o f  farm  o p e r a to r  ____________________

S iz e  o f  farm as e s t im a te d  _______________

P erc en t o f  land  tak e n  up by s in k s  and o u tc ro p s  _______________

P e rc e n t o f  land  in  c r o p s ,  e s t im a te d  _______________
P e rc e n t o f  land  in  p a s tu r e ,  e s tim a te d  _______________

P e rc e n t o f  land  in  f o r e s t ,  e s t im a te d  _______________
100 %

1. How la rg e  i s  your farm ? _______________

2. Do you r e n t  lan d ?  How Much? _______________

3. How much land  do you have in  c ro p s?  _______________

perm anent p a s tu re ? _______________ _______________

fo r e s t?  _______________

4. P le a se  lo c a te  and d e s c r ib e  s in k h o le s  o r  rocky
o u tc ro p s  on y o u r la n d .  ______________________________________ _

5. What i s  your e s t im a te  o f  th e  amount o f  land  they "u se"?

6. How have they  a f f e c te d  th e  s i z e  of y our f i e ld s ?

7. How have they  a f f e c te d  th e  shape  and th e  fe n c in g  o f  th e  f i e ld s ?

8 . I s  y o u r d e c is io n  to  u se  land fo r  c ro p la n d , o r g ra z in g  la n d ,o r  
f o r e s t  land  in f lu e n c e d  by th e  s in k s  and rocky a re a s ?

R e p r o d u c e d  w ith p e rm is s io n  o f  t h e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c t io n  p ro h ib ite d  w ith o u t p e rm is s io n .
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9. Do you u se  m echanized equipm ent, and how i s  i t s  u se  a f fe c te d  by 
s lo p e  and roughness?

10. What have s in k  h o le s  c o s t  you in  money and tim e? 
(Have you l o s t  an im als?)
(Have you f i l l e d  any and rec la im ed  th e  land?)

R e p r o d u c e d  w ith p e rm is s io n  o f  th e  c o p y rig h t o w n e r . F u r th e r  r e p ro d u c tio n  p ro h ib ite d  w ith o u t p e rm is s io n .
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